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ABSTRACT

Relationships between student characteristics (aca-
demic as well as personal) and student changes are in-
vestigated, Student changes are measured by growth scores

//// with the following four criterion measures:
1. Test on Understanding Science (TOUS)

~

2. Watson-Glaser Critical Thinking Appraisal (WGCTA)

3. A Scale to Measure Attitude Towards Any School
Subject (Silance)

4, Student Perception gi T;écher Style (SPOTS)

The sample used in this study consisted of under-
graduates enrolled during the 1971-1972 academic year in
the course called "Thought and Structure in Physical
Science™ at the University of Illinois, The course is
an elective and can be used to satisfy the general
education requirements for graduation. Twenty-six
independent predictors were selected, High school and
college backgrounds in science and mathematics asywell
as subscores on selected parts of ACT were included among
the academic predictors, Dogmatism, flexibility, toler-~
ance, responsibility, and intellectual efficiency were

among the predictors identified as personal factors,

»
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s Analyses (at 0,05 level) for preteét and posttest
measures of student changes permit the following
statements:
'1._ There are significant increases in student under-
standing of science and the scientific process,
2, There is a significant 1ﬁcrea§e in positive stu~
dent attitude toward opeﬁ instructional climate,
3. There is no significant growth in positive stu-
dent attitude toward the physical science course,
4., There is a significant decreage in student'criti-
cal thinking ability,
" The following statements concggning’prediction can
be made: )
1, The set of all twenty-six predictors (academic,
instructors, and personél) accounted for 15,42%,
18,42%, 11,83%, and 22,00% of the variance in
predicting the growth scores on TQUS, WGCTA,
Silance, and SATIC respectively. When each of
these totals is arbitrarily assumed to be 100%,
the following statements can be made regarding
the contributions to the variance for the three
typres of predictors:
a. The academic factors accounted for 35,58%,

57.28%, 57.82%; and 24.41%,




3.

4,

5.

6.

3

b. The effect related to vérious instructors ac-
counted for 38,93%, 6.46%, 18,25%, ;nd 49,18%,

¢. The personal factors accounted for 25,49%,
56,268, 23,95%, and 26.41%.

Since the consideration of the personal and

instgugiér variables significantly increased the

A;bility to predict student changes it

is apparent th&t there are abilities which are
significént in predicting student changes

other than those measured by standardized achieve-
ment and intelligence tests,

Scores on intellectual efficiency subtest of CPI
and whether the course was taken to meet a re-
quirement or as a free elective were the best

predictors for TOUS and Silance,

" While completing a previous course’in college

ph&sical science was the best predictor for
WGCTA and SATIC, it did not serve as a suitablé
prehictor for Silance, |
Sex, mathematics scores on ACT, and scores on
achiévemgnt via conformity subtest of GAI were
the 1éaat effective predictors for growth scores
on 10US, WGCTA, and SATIC, |
Completion of high school courses in“scienqes and

N

mathematics; completion of courses. in collgge



biology and mathematics; and English, science, and
mathematics scores on ACT were found to be insig-
nificant predictors for student change. ‘

7. Personal pre&ictors‘- namely, intellectual effici-
ency for predicting growth scofes on TOUS; toler-
ance and responsibility for preaicting growth
scores on WGCTA; dogmatism, flexibility, and

! achievement via conformity for predicting growth
scores on SPOTS - were among the‘significant pre-
a dictors,
‘ ~Th‘e results concerning the effect of peréonal varia-
bles on student change reveal that:

1., There is a‘significant difference betweén the
open and the closed-minded groups with regardAto e
growth on understanding the nature of science ’
(as measured by TOUS). The open-minded group
showed significantly greater growth,

2, Students faging the course as an elective
score significantly highe; on Egggg and Silance
tests than students taking the coirse to meet a

requirement,
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DEFINITION OF TERMS

Advanced Student., A student will be identified as an ad-
vanced student if he is listed on the roster as a

Junior or as a sonior,

Beginning Student, A student will be identified as a
beginning student if he is listed on the roster as

‘a freshman or sophomore,

American College Testing, The results of the battery of
tests given to high school seniors prior to entrarce
in college aré reported as fouf sub-scores and a
composite score, The four sub-scores are English,
Mathematics, Soq;alh§cience, and Natural Science,

Criterion Variable. Thié refers to the dependent variable,
For the purpose of{this study thére are four cfiterion
variables, These are: 1, TIest on Understanding Sci-
gggg'(gggﬁ), 2, Watson-Glager Critical Thinking Ap-
praisal (WGCTA), 3. A Scale to Measure Attitude To-
wards Any School Subject Matter (Silance), 4. Stu-
dent Porceptiopn of Teacher Style (SPOTS).

Y
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Independent Variables. These are the variables which are
used tb predict a npgerical value for the dependent
variable, These variables are not necessarily inde~
pendent in the sense that they do not have any
correlation with any of the other independent

variables, Twenty-gix independent variables were
N N\.

~

used in the present study. _ ..

Open and Closed System., If a person strongly agrees with

statements on the Dogmatism Scale, then he posseiges

a closed belief system which is one extreme of the -

particular characteristic being considered. On the

other hand, if the person stfongly disagrees with

statements on the Dogmatism Scale, then he possesses

an open belief system., This is the opposite extreme
A of the particular characteriatic being considered,

Student Changes., Observable differences in students bel
tween initial enrollment in a course (in this study
the "Science Thoughf" course taught at the University
of Illinois) and completion of the course, In some
instances the term is used synonymously with the term

' instructional outcomes, The latter term may errcne-
ously imply a cause and effect relationship between

course instruction and observable changes in students,




CHAPTER 1
INTRODUCTION
A, Rationale and Introduction To The Problem

Despite the critical importance of personal character-
istics of students, very little is known about the rela-
tionship between student personality and instructional out-
comes, The literature reveals numerous studies concerning
relationships between various aspects of the academic back-
grounds of studénts and their achievement, However, using
student academic factors as the sole prgdictor of students!
learning is questionable as well as unyarranted. Student
' learning cannot be atiributed to academic factors only; it
probably involves the interaction of aeféral different
factors including the personal characteristics of the stu-
dent himself, Poor performance by students may be caused
not ;nly by deficiency in the cognitive domain but also by
factors in the affective domain., One clue comes from
Postman (1948) who conéluded that the individual estab-
l1ishes perceptual defenses agginst inimical stimull,

By evaluating student characterisiics it may be pos=~
sible to teach those students who are enrolled in a given

course rather than the stpdents whom teachers would prefer
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to have enrolled, This would also serve to maximize
the achievements of which the students are capable,

In a recent address at the annual conference of the
Association for Supervision and Curriculum Development,
Bruner (1971) revised his ideas, which were published in
The Process of Education, Bruner stated:

I would be quite satisfied to declare, if not

a moratorium, then something to deerphasize

the structure of discipline and deal with it

rather in the context of the problems that

face us.... The issues facing us in the

seventies would have to do with how one

activates to tempt one to want to learn again,

What is important is to learn to bring all

one's resources to bear on-something that

matters to the student now (p. 20).

One solution in implementing Bruner's suggestion is to
view learning as a kind of internalization., Internal-
ization (Kelman, 1961) can be said to occur when a stu-
dent accepts an idea because it is congruent with his
established value systems or because it is inherently con-
ducive to the maximization of his values, Decreasing en-
rollments in high school and college science courses, as
well as the current publio dihtruat of scientists and the
unwillingness of people to support basic research, are
examples of the negative 1mpéct of science teaching. The
social, oultural, and economic conditions which gave rise
to the government-sponsored curriculum projects in science

of the 1960's are not, however, those of the 1970's,

‘iherefore, science eudcators must respond to the demand

of adding other dimensions when defining, evaluating,

-,
Y
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and predicting instructional outcomes, These dimensions
should take into account additional.factOra including the
personal characteristics of the student himself,

- If one sees little or no value (or relevance) in the
process of science, he is unlikely to devote the necessary
time and energy required to benefit frgm science courses.
For courags to be effective and to achieve their desired .
goals, they need to be based on established knbwledge of
student attifudes, that is, of their concepts and percep-
tions concerning science and scientists., This kn;hledge
should be the point of departure for any charige désired in
student concepts, attitudes, and behavior,

What behavior pattern might we expect from students
with different personal characteristics? A logical and
psychological analysis of the traits and value systems of
individual students is needed. These student traits
could then 5e used to predict consequent learning and
attitudes. To some extent) this is suggesting that the
personality characteristicé of students should be studied
as to their effect on instructional outcomes. It can also
" e hypothesized that student personalities contribute sig-
"nificantly in predicting student learning and attitudes
towards such learning,

It can therefore be hypothesiged that students with
different personality characteristice think and function



1
=

differently, They are seeking to satisfy different needs,
Their perceptions of the same tasks, their attitudes to-
wards them, and their consequent performances can be ex-
pected to differ widgly. It is reasonable_to expect that
some tasks would be met with enthusiasm by students with
open minds, while these same tasks would be more aifficult
\Ii\berformed by the students with clésed minds, and vice
versa,

Science educators should be interested in the follow-
ing questions: If an understanding 6f the natureé}f?aci-
ence, an gbility to think critically, and the devélopment
of positive attitudes are highly correlated to open-minded-
nesﬁi then what factors should influence sertioning of
students? How does such correlation affect eduéation
materials? What materials are not appropriate for a given
student? How and to what extent does theéopen- or closed-
mindedness of the individual influence his role perceptions
in learning? |

As the focus shifts to student characteristics, re-
search designs should employ variables regarding teaching
methods and dimensions of 1ndiv1dua% differences bearing
some theoretical relationshiﬁ to one another, as suggested
by Cronmbach (1957). A more specific theory about the
condltions which affect learning for students of high
and low dogmatism would be desirable if dogmatism is to



be investigated as a student characteristic affecting
learning,

The main objective of this study was to investigate

erela%ionships Between student nhéractefistics (academic
as well as personal) and student changes., Student Ehanges

. are measured by the growth 'scores in the areas of under-
standing the nature %f science, critical thinking, atti-
tude toward the physical science course, and attitude ‘
toward instructionéi climate as measured by Iest on Under-
standinngcience, Watson-Glaser Critical Thinking Apprais-
al, A Scale to Measure Attitude Towards Any School Sub-
ject, and Student Perception of Teacher Style respective-
ly. The research is guided by the hypothesis that stu-
dents? reéponses to statements on attitude Ecales for
measuriﬁg doématism and the nine scales of CPI corre-
late with student responses cn the criterion measures.

The sample used in this study consists of students
enrolled in the course called "Thgught and Structure in
Physical Science" at the Urbana campus of the University
of Illinois, A brief description of the objectives and
philosophy of the course is included in Appendix B,

: A B. Statement of Research Hypotheses

The following four dependent variables and twenty-
six independent variables were selected for this study:




Dependent Variables . )
1, Scores on the Test on Understanding Science(TOUS)
.2, Scores on the Watson-Glager Critical Thinking
| Appraisal (WGCTA)
. 3, Scores on A Scale to Measure Attitude Toward /]

Any School Subject (Silance)
' /
4, Scores on Student Perception of Teacher

Style (SPOTS)
‘ v
Independent Variables

Academic and Identification factors .

1., High school raﬁk

2, College physical science hours

3, High scio0l physical science units

4, College mathematics hours

5. High school mathematics units

6. Natural science score on Acf

7. Mathematics score on ACT

8. Student classification (F & S; J & S) j L
9. Course taken as a requirement or as\an elective
10, College biological science hours
11, High school biological science units
12, *nglish score on ACT
13, Sex
14, Instructor #1

15, Instructor #2 s




16.

~ Personal

- 17,
18.
19.
20,
21,
22.
23,
24,
25.
2€.
The
1.

Instructor #3

Characterirtics:

Dogmatism (D)

Flexibility (Fx)

Tolefance (To)

Achievement via independence (A1)
Intellectual efficiency (Ie)
Achievement via conformity (aic)

‘Responsibility (R) o :

Self acceptance (Sa) .
Social presence (Sp)
Capacity for status (Cs) B
purposes of this study were as follows: q
o test (at the five percent level) whether the
pretest-posttest mean scores on all parts of
each of the four criterion variables are signi-
ficantly different. Specifically, the following
hypotheses, gtated in the null form, were inves-
tigated:
%. There was no significant growth in student
ability to understand science as measured
by TOUS (Subscore I)
b. There was no significant growth in student
ability to understand scientists as measured
by TOUS (Subscore II)

c. There was no significant growth in student




ability to understand the scientific process ,

)
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as measured by TOUS (Subscore III)

d. There was no significant growth in student abili-
ty to draw valid inferences as measured by WGCTA
(Subscore I) .

e. There wasﬁnb‘significant growth in sfﬁdent‘abili-
by to réésénize assumptions as measured by WGCTA
(Subscore II)

f. There was no'significant‘g:owth in etudent abili-
ty to reason deductively as measured by WGCTA \,
(Subscore III) |

g. There was no significant growth in student abili-
ty to interpret results as measured by EQQEA
(Subscore IV) n

h. There was no significant growth in student abili-
ty to evaluate arguments. as measured by WGCTA

(Subscore V)
i. There was no significant &hange toward more
favorable attitude toward thé course in physical ;
science as measured vy Silance f
jo There was no significant change thard more
favorable student attitude toward open instruc-
tional climate as measured by SPOIS.
2. To deterﬁlne the degree of relationship of each of the
twenty-six independent variables to each of the four‘

" criterion measures.

o &7




3.

4.

5.

To determine the order of importance of the signi-
ficant independent variables for each of the four
dependent variables, )

To £ind what increase in prédictive'aécuracy is
attajned, by combining measures ofjéersonal and
instructor variabiéq\with méapures of the thir=-
teen academic conventional predictors in the
prediction of student performance on each of the
four criterion variables.

To test the null hypotheses that there are no
differences among the adjuntéd meane on the

four criterion measures (adjusted for pretest dif-
ferences) for the following subpopulations: ,
8. Students who are in the highest third versus
those in the lowest third on the dogmatism
variable.

Students who are im the highest third versus
those in the lowest third on the flexibility

-2
.

measure.

c. Students taking the course as a free elec-
tive versus those taking the course as a
requirement, B

d. Students classified as beginning Qtudenta
versus students classified as advanced stu- :

dents.



e. Stuadents who have enrolled with each of
the three instructors.,

f. Male students versus female atudenfs.

'l

[ St

10
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CHAPTER IX
REVIEW OF LITERATURE

A. Literature Related

of Student Changes

Understanding the Nature of Science

The National Society for the Study of Education, in
its fifty-ninth yearbook, listed the development of undgr-
standing of science and sciéﬁtista as a main oquptive of
science teaching. The development of the nature of
science has been described by Kimball (1967-1968) as "cne
- of the most commonly stated objectives for science educa-
tion," and by Saunders (1955) as "probably the most impor-
tant purpose of science teaching." Rogers (1960) states
that the non-scientist needs a "healthy understanding of
the nature of science."

Concern for this objective has beep evidenced not
only in the United States but also in many other coun-
tries. In 1964, the American Association for the Advance-
ment of Science established a Commission on Science Edu-
cation with the stated purpose "to foster, in every way

possible, scientific literacy among the American people.”
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In England, the policy statement of the Association of
Science Education on science and education (1963) stressed
the importance of deveéloping an understanding of the nature
of science among school pupils.

This widespread concern of science educators with
the development of student understanding of the nature of
science 18 reflected in the statement by Robinson (1968)
that "the challenge to science education is to bring to
the full range of young peéple a compréheneion of the
nature of science as a humanistic enterprise." A con-
siderable amount of time and effort has been expended in
research on the development of techniques of teaching sci-
entific facts and generalizations and the ability to deal
with these factﬁffgut, as Tisher (1967) pointed out,
"little éffort; by comparison, has been expended to de-
termine the degree to which, and the processes whereby,
students develop an understanding about science.”

One does not have to read extensively in the litera-
ture relating to understanding science and scientists be-
fore he finds considerable ambiguity surrounding the sub-
Ject., First, the;e is uncertainty about the extent of
the illiteracy concerning science and scientists; and
secondly, uncertainty about what can or should be done
about it. Some pollg'and surveys of opinion (Allen,
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“1959; Barker, 1956; Mead, 1957; Remmers, 1957; Wilson,
1954) have indicated that high school studenis have mis-
conceptions about science, including disparaging stereo~
types of scientists,” Allen, studying New Jersey high
school seniora,%observed a more favorable attitude toward
the scientific enterprise than other investigators. The
surveys, with the exception of Kimball's (1967-1968),
generally indicate no significant differences between the
‘acieqce"and non-science groups. These surveys also show
that the higher the intelligeﬁce, the greater the likeli-
hdod of constructive attitudes toward the scientific enter-
prise and the fewer stereotypes of scientists, Among non=-
science college students, Mitias (1970) found no dominats
ing stereotypeor concept of science, but over seventy :
percent cf the concepts and opinicns about science and
scientists were negative or neutral in character, It is
not inapproprigfe to generalize these findings to the
larger American society and conélude that most Americans
have little. knowledge aﬁout the nature of science, that
their attitudes toward the scientific enterprise and
scientists are at best neutral, and that many negative

~ concepts and attitudes persist.

.The number of measuring instruments that test for

understanding science and scientists is small - TOUS,

)
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FAS, NOSS, WISP, and SPI. These tests have been compiled

after consultation with numerous science researchers and
educators, /
TOUS was originally designed for testing high school
atndentﬁ, yet it 1a\otten used for teetinq’college stu~
dents and écience teachers (Jerkins, 1969{ Jones, 1969;
Miller, 1963, Olstad, 1970; Schmidt, 1967—1968' Welch
and Walberg, 1967). One suspects that £Q4§ was used be=
cause of its availability and the lack pf other instru-~
ments rather than because of its suitability, Whether or
not T0US is suitable for testing c0117ge students,iteach-
ers, and scientists has not been considered. An important
consequence of having only a few megsuring instruments

from wﬁic a researcher can choose 19 that research de~

_ 8igns tend to be based on the instruments available., TOUS

has been revised for use by junior high students (Jerkins,
1969), and other modifications have been made by indi-
vidual investigators, ’ '

Since some evidence now points to only a slow, im-
perfect attainment of understanding of science and sci-
entists within the usual science course work, several
persons and schools have inaugurated courses specifically
designed to deal with the aimes and methods of science, the
nature of science, the character of the scientific enter-

prise and the scientist, and the interrelationship of

Y
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science and culture (Cossman, 1967; Carey & Strauss,

1968; Jones, 1969)'! In all the cases wher; testing was
included in the ex#eriment, significant increases in the
understanding of science and scientists were found, It

is interesting to note that Jones (1969) found that the -
experimental group consisting'of eighty-seven non-science
majors at the University of Tulsa, who were taking a gener-
al education physical science course, had significantly
higher adjusted mean posttest scores on IOUS than the
control groun consisting of fifty-five science majors, In
addition to facts and principles, the general education
physical science course was also concerned with the his-
togical development and the philosophy of science and the
interaction of science and society. .

, The findings of MacKay (1'971) suggest that time and
effort could be protitably_expended in  developing teaching
materials to improve student understanding of the nature
of science, Until such a time as these materials exist,
this important objective of science teaching,wiil largely
fail to be achieved, A few universities are beginning to
"establish history and philosophy of science courses for
prospective science teachers and scientists in an attempt
. to atfain this objective, Such an approach appears to be
the most direct way of developing an understanding of

science and scientists,
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The following paragraphs outline a sample of the
studieé which attembt to measure the understanding of
science as one of the outcomes of a particllar course.
TOUS was the most common instrument used.

A study (Crumb, 1965) on the understanding of sci-
ence by 1,705 high school physics students showed no sig-
nificant gain in underétanding science among students
studying high school physics., It also showed ng—sig-
‘nificant difference between those students studying one
or two semesters of traditional physics., Crumb reported
that tﬁe magnitude of gain was sensitive to the teaching
method used in the course.

Kimball (1966) measured changes in the opinions'of
high school physics students concerning the nature of
science during the course of a school year in which thgy‘
studied Harvard Project Physics. These students showed
a significantly improved understanding of the mature of
science. ‘ P

Not all of the studies concerned with curz iculum
materials and the nature of sciénce have yielded positive
results. The results of an analysis of covariance (Trent,
1965), when the TQUS pretest scores were controlled,
showed no significant difference in the understanding of
science gained by students studying PSSC physics and

those in courses using traditional kinds of materials.
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The negative results reported (Crumb, 1965; Trent,
1965) leave the question of the effect of PSSC materials
on increasing the understanding of the nature of science |
in doubt while raising some new questions, Are there "
definite regidnal differences in the {eygls of understand-
ing science by physics students, as mééééied'by the
criterion instruments? Does PSSC physics cause a uni-
form growth in understanding science, given different

initial levels of understanding? What part do the

teacher's background, personality, and attitude play in | °

relation to tests on understanding science when differ-
ent curriculum materials aredused? This last question
is particularly relevant when recent findings (Rothman,
1969; Rothman, Walberg, &‘Welcﬁ, 1969) are considered.
Among other things, they found correlations between
personality traits and attitudes of certain physics
teachers and their students' understanding of science and (
scientists. Rothman (1969) found a significant correla-
tion between the backgrounds and experience of physics
teachers and student scores on TQUS, However, he found
no significant relationship between the ITOUS scores of
teachers and physics achievement of their studenf;.
Carey and Strauss {1970) showed that little if any

relationship exists between an understanding of science
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and academic variables such as high school and'collgge
backgrdund in science, mathematics, and grade point

average;\ Likewise, no correlation was found between

\
scores on the Wisconsin Inventory of Sciiance Processes

(WISP) instrument and scores on science teaching experi-
ence. Thé\po ulation for the study consisted of thirty- \-
one teachers in a graduate level ééurse‘in science educa-;
tion at the University of Georgia in 1968-1569.

Further verifications of specific studies have been.
conducted to ascertain what differences in the under=-

\
standing of science and scientists exist between groups

\
‘with different.amounts of science education and experi-

ence (Carey and étrausa, 1968, 1970; Jerkins, 1969;
Kimball, 1967-1968),

From these studies the following can be concl;ded:
(a) the common assumption that understanding about the
nature of science, the aciéntific enterprise, and sci~
entists occurs via a kind of osmotic process through
science courses and work experience needs to be sericusly
questioned; (b) according to the findings by Kimball
(1967~1968), one's view 6} science is fa;rly well-
established by the time of graduation from college ‘
and does not change much after tﬁat; (c) one's position .

" B \
as a science teacher or scientist does not insure a

A
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« tha€§ugh understanding of the nature of science, It can-
<f/ﬂ\\\\\ not ﬁé stated that standard science course work does not
. ingrease the understanding of science, since some studies
(Jongs; i969) showed higher TOUS scores among science
majors(than non-science majors. But it i3 apparent (Carey &
Strauss, 1970; Jerkins, 1969; Welch, 1967-"968) that the
ga{ns in understanding about science are not uniformly

related to course work or to teaching experience,

(% .
~

Critical Thinking
Although the need for critical thinking is recog-
nizeQ, there is wide divergence on what is meant bv
o the tarm, "Dressel and Mayhew (1954) refer to five abili-
\ ties which constitute critical thinking: (a) the ébility
| tc define a problem; (b) the ability to select informa-
tion pertinent to the solution of a problem; (c) the
ability to recognize stated and gnstated assumptions;
(d) the ability to formulate and select relevant and
prEElgggg,hypathéséé}/;;d (e) the ability to draw valid
“ conclusions éﬁd to Jjudge the validity of inferences,
A group concerned with the improvement of critical think-
ing suggests that more attention be given to helpiné
students "develop ﬁroﬁle =s0lving methods which will
. ' yieid more complete and ::l

quate solutions in a wide

range of problém situations." (Bloom, 1956)

. o

¥
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" Because of the raﬁid changes in America's society
and the proliferation of neﬁ_knowledge taking place to-
day, individuals havg a greater need for critical think-
ing ability than ever before in history. 1In America,
people are asked to make decisions concerning Aﬁfficult
and complex social issues and the.ability to think
critically is often needed to provide the best basis for
"making such decisions. America's destiny may be affected
by the ability of r teachers and schools to develop
students who are able to think critically. Perhaps
Carlos de Zafra (1966, p. 231) best described the impor-
tance of critical thinking ability when he wrote the
following:

For the first time in his long history, mankind
has in his power the ability to fill his 'cornu-
copia or to destroy himself, Because the rate of
change has greatly accelerated and because the
applications that are made of mankind's discovecries
and inventions are more important than are the .,
discoveries and inventions themselves, mankind now
needs to do some critical thinking of an unprece-
dented quality. The future of the human race de-
pends upon the quality of critical thinking that
is done in the world today.
Dressel and’Mayhew (1954, pp. 25-36) recognized
the important role that critical thinking plays in
citizenship when they wrote:

The essence of the democratic creed is that
each person possesses potentialities for dis-
covering his own problems and for developing
personally satisfactory and socially acceptable
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solutions to them, so that he has no need to defer
completely to the will of an apthority, although
he is perfectly willing to make use of expert
opinion when relevant,
- Much has been written concerning the importance of
developing skill in critical thinking. Apparently
everyone agrees that teachers should devote a consider-

able amount of time to developing such skill, Unfortunate-

ly, though, many investigators have found that the schools .

are not developing skills in critical thinking as they
should, It seems possible that one of the major reasons
why some of the procedures designed to develop skill in
critical thinking are not being used is that they are
extremely difficult to use., If the school is going to
be concermed with improving rcritical tﬁinkfng, teachers
and administrators should be involved not only in prob-
lems of content and methodology, but also in problems
of measufement of progress towards these goals., Several
studies (among them, Dressel & Mayhew, 1954; Houle, ‘
1943) support the position that institutions with a great-
er degree of student self-determination, flexibility of
curriculum, and freedom from authoritarian control of be-
havior hgve a significantly better record in increasing
critical thinking.

* Several pwvrsons and schools have inaugurated courses

specifically designed to deal more directly in "teaching"

o
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critical thinking. In some czases this may ;nt to
actual instruction in the rules of logic their ap-
plication, Such studies have produced e9n/r11cting find-
ings. Henderson (1958) reborés that the experimental stu-~
dents who were tutored, in the principles of logic and given
practice in their usﬂ{ ahdﬁe@ greater gains on measures
of critical thinkifg than did their controls. Dressel
and Mayhew (195f): on the other hand, report that in-
stitutions haviﬁg a special course in critical thinking
do not stand apart from those which do not have such
courses, According to Dressel and Mayhew (1960) evidence
favors direct *eaching over indirect teaching of scientific
methods and attitudes,

The number of measuring instruments that test for
critical thinking is small - WGCTA, ACE TIRCT, CCIT.
The Watson-Glaser Critical Thinking Appraisal (WGCTA)
has been widely used, The iteme‘on this instrument are
not specifically limited to science; and, as a result,
any chanée in scores iay be attributed to other disci-
plines., Because of this, any difference between group
scores can be attributed to a particular instructional
procedure in science if the experimental and ¢ontrol
groups have identical teachers and types or courses in

all other subjects. Yager (1966) supported the idea
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that there are other factors influencing the development
of critical thinking besides the course being taught.

He used the BSCS Bl" . Version in his study and indicated
that the itcacher .es affect the deveiopment of critical
thinking skil_. in students. ) | '

An increasingly important conceﬁn,of science edu-
cators is whether or not new curr%gulum materials, such
as PSSC, BSCS, HPP, and ESCP matérials, directly enhance
the ability to think crrticall&. The relevant literature.
contains a number of reports on critical thinking. The
following paragrsvhs present a small but representa*ive

N sample of the studies which attempted to measure critical
thinking as one 6f the outcomes of a particular curriculum
and/or course. Thé\!gggg test was the most common in-
strument used in réé&erch studies.

Sééﬁral studieh (&gymb, 1965; Heath, 1964; Troxel,
1968) have considered the effect of PSSC, CHEM Study,
and CBA courses on critical thinking skills. The results
of these studies indicate that these course-experiences
enhance the critical thinking\gbility of students more than
traditional courses, Gains in critical thinking-in both
CBA and CHEM Study were found by Troxel to be superior
to those in a traditional course; and, for able students,

CBA was superior to CHEM Study. . 2
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Henkel (1967-1968) investigated the effects that
the instruction in two undergraduate courses in general
physice had on the critical thinking ability of students.
The study involved some of the students enrolled in
two sophomore level physics courses designed rgspectively
for non-physics majors in teacher education and fpr
students in other science related programs, The experi-
mental group ptilize& the PSSC curriculum and was taught
by discussion methods, with the laborétory eiperiments
designed to emphasize a "discovery" rather than a
"verification function.," The control groups utilized a
more traditional general physics curriculum. The WGCTA
test was given to evaluate ability to formulate hypotheses
and to draw valid conclusions about non-scientific
everyday problems., Henkel showed that instruction in
undergraduate general physics has a positive effect
upon the critical thinking ability of students and that
this effect has little correlation with physics aptitude
and physics achievement. The increase in critical
thinking abil%ty in a group of students utilizing the
PSSC curriculum was statistically significant. In
general, students with prior physics training showed
a significantly §reater growth in critical thinking
ability than those students without such prior training.
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" Finally, there was insufficient éyidence to determine
/which teaching methods were superior in enhancing
critical thinking.

Rickert (1962) reported that an experimental group
of college freshmen in a physical science survey course
showed significantly greater gain (at 0,05 level) in
critical thinking skills than control groups in the same
course and in a traditional physics survey course. -

Craven (1966) found that neither critical thinking
abiiity nor the understanding of science were major

” learning results of.college science courses, This con-
clusion was based on: (a) negative or non-significant
correlations between the Cornell Critical Thinking Test
(CCTT) and the Test on Understanding Science (IOUS)
scores and the total number of science gra@e points
earned by members of each group; (b) lack of a signifi-
cant difference in critical thinking ability or iz
understanding of science between science teacher candi-
dates and social sclence teacher candidafes, the latter
group having complet2d half as many credits in science
as the former; (c) failure to find a significant differ-
ence either in q;itical thinking ability or understandlng
of sclence betwéen high and low sub~-groups of science

teacher candidates selected on each of the following -
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bases: (a) total number of science grade points earned;
(b) the bilological=-physical science ratio of science i
credits completed, Craven also found indications that
both the science teacher candidates and. the non-science
oriented groups had misconceptions concerning the nature
of science and scientists,

The teacher has been identified by many investigators
as a major factor in the development of the critical
thinking and creative inter?sts of students in science.

EReport by Taylor (1958) summarized the research related
to thJ Problem, .

\ he research tends to indicate that if an incréased
ability to think critically is a desired outcome, then an
instructional procedure which is laboratory-centered

"can be developed to increase this ability. There are
many factors operating in the development of critical
thinking besides the course outline, Yager (1966) showed
that the individual teacher does affect student achieve-
ment, including critical thinking, and that different
teachers differ in their ability to help students develop
critical thinking,

A survey of the literature related to improving criti-
cal thinking leads to severai general conclusions. The
attempts to establish experimentally the psychological
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natu>% of thinking have not given conclusive results.
Research into effective teaching methods for critical
thinking is baped almost entirely on pupil activity in
problem solving and scientific induction,

Attitudes toward the Course and
toward Open Instructional Climate

The ways in which attitudes are developed are many
and complex, It is exceedingly difficult to attribute
the formation of an attitude to ome specific factor be-
cause many influences work together, Nor is the develop-
ment of attitudes merely a result of the maturat4ona1
process, Attitudes seem to be responses learned as a
result of sgiisfying or frustrating the needs of an indi-
.vidual. "If a person has a satisfying experience, he will
develop a favorable attitude toward the situation in
which he had that experience. If, on the other hand, he
has an unsatisfying experience, his attitude toward the
situation involved in that experience wiil be unfavor-~
able." (Sorenson, 1964, p. 351)

Kelman (1961) proposed a model to conceptualize the
processes of at;itude formation and attitude change. It
starts with the assumption that opinions adopted under
different conditions of social influence and, based .on

different motivations, will differ in terms of their



qualitative characteristics and-their subsequent hig-
tories, Thus, if something is known about the deter-
minants and motivetional bases of particular attitudes,
predictions about the conditions undek which they are

likely to be expressed, the conditions wnder hhich they
are likely to change; and other behavior

to which they are likely to lead can be ma

consequences
o Kelman
called these processes compliance, 1dent1ficﬁtion, and
internalization, .

Reaeaéch.on attitude change involves many disciplines
and relates to many fundamental questions of juman be-
havior, It is, therefore, not surprising that such re-
search raises many questions which are of fundaﬁental
theoretical importaﬁce and which also have practical
implications, ‘

Festinger's (1957) "theory of ccgnitive dissonance"
13‘04; Af the major theories of attitude change, Ac-~
cording to this theory, cognitive dissonance is created
when a person is confronted with a communication which
is at variance with his present attitude. The individual
attempts to maintain logical consistency. Coﬁm@ntron
this tendency has a long history, For instance, Summer's
(1907) "strain towards consistency"; and Newcomb's (1953)

"strain towards symmetry" have influenced much research.,
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Brehm and Cohen (1959) demonstrated\xhat a chance
e;;nt may affect the magnitude of dissonance and co. -
sequent attitude change, but only under conditions of
high choice, Experimentally, these authors found that
in a low choice situation, that is, one in which the
éubject felt he had little alternative but to do what

" was required of him, no significant attitude change oc-
curred. On the other hand, the attit: = of the subject to-
wards the fait accompli became significantly more posi-
tive under conditions in which he felt he had a high
degree of choice.

The studies summarized below are indicative of the
kind of studies that have been made“to investigate the
attitude changes which may be attributed to school in-
struction, Coulter (19§5) found that inductive methoﬁe
of teaching produced aignificantly greatef attainment of
scientific attitudes and more positive attitudes toward
instruction than deductive methods. "Sorenson (1966)
found that laboratory-centered teaching produced sig-
nificantly desirable changes in dogmatism tests, while
no such changes were foqund in lecture-demonstration
groups, Mahan (1963),RLsing a problem-solving approach,

measured a grgater growth in personal adjustment and

attitude than a traditional approach.




Graig and Holsback (1964) used existing student
attitudes in general science to develop other attitudes,
Students with low initial interest in a particular area
were given sﬁpplementary learning experiences using
activities they enjoyed. This method raised the interest
level of students with few interests, but made little
difference to students with an.initial wide range of
interests. '

Even though the number of studies to investigate the
attitude changes which may be attributed to school in-
struction are several times the number reported here,
their general nature should now be clear. The above
studies are samples indicating possible attitude changes
as a result of teaching, The majority of these studies
support the belief that attitudes can be changed by
teaching, The results suggest that much more could be
done to develop definite attitudes if every teacher
could recognize that the formation of.desirable atti-
tudes is one of the primary ob;ectives of education,

Gallagher (1969) found that high school students
enrolled in physics and chemistiy demonstrated more favor-
able attitudes toward science, science teachers, and
"myself as a scientist." Studegte rated the personality

dimension for science, scientists, and science teachers
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lower than other dimenqiona and perceived science, sci-
entists, and science téachers as detached and unfriendly.

The following is just a sample of a large number of
studies that dealt with factors which are of,ppimary in-
fluence on attitude changes. |

Welch (1969) examined factors which might be sig-
nificantly rélated to satiéfaction with high school
physics. He found that expressed course safiafaction is
only slightly related to initial ability in science,
initial interest, attitude toward physics or general
mental ability. Expressed course satisfaction is sig-
nificantly related ko success such as achievement
gains, For students, it is not what students
expect to happgn that leads to satisfaction, but what
actually does ﬁ?ppen. One thing that does happen is
that students often receive low grades relative to their
gradeé in other éouraes and relative to their median I.Q.

Attitudes toward school subjects have been investiga-
ted extenaiyely, and usually found to reflect the suc-
cess of students in a particular subject. In other words,
the total experience of the student with a subject, say
physics, and his prefefence for the suﬁject determines

to some degree his success in it, and vice versa.

2
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Poffenberger & Norton (1959) theorized that iack
of inférest'in mathematics is a cultural phenomenon found
both in our educational institutions and in our homes.
Attitudes are developed by a vari;ty of experiences,

Some children dévelop attitudes in the home before they
gtart school; others develop them as a result of their
educational expeniences with the subject matter and their
teachers. By the time a student enters high nchool, and
certainly -by the time he gets to college, his attitude
towards mathematics has already been formed and is dif-
ficult to change. It would be interesting to investi- .
gate the generalization of Poffenberger and Norton's
théory as applied to science,

Some investigators see the teacher as the primary
influence in developing positive attitudes toward sci-
ence., His personality, his knowledge, and his own atti-
tude are determining factors in whether his students have
a positive gttitude toward his subject area, Others stress
the subject itself as the influencing factor. Poffenberger
and Norton believe the home and general cultural climate
to be of prime influence. All three points of view have
something gignificant to say to educators. :They point to
areas which need further stndy and ‘they suggent directions
for changes in teacher selection and preparation and also

in curriculum thrusts.
f
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Raﬁsé& and Howe (1969, p. 68), in an analysis of
research bn instructional proceduwres, wrote: "A stu-

N vdenﬁjs attitude toward science may well be more important
than his un&erstanding of science: his attitudes dé-
‘termine how he will use his knowledge. Tor this Teason

e Aevelopment of attitudes as a part of science in-
‘( struction is an area requiring increasing research."
The extent to which student interests relate to
{° .studen* attitudes is very much a moot point. Yet it
cannot be fenied that the develobment of student interest

_in science is Rarticulaily difficult if students have

negative attitudes toward science.

The research on attitude development still feaves
many fundamental questipns unanswered. The evidence is
‘mounting that attitudés can be measured and that teaching 1
procedures can be devised to bring about attitude change. 1
) Héwever, much more work is needed }o bring a2bout a refine- ;
ment -of instruments and procedures. There is still a ‘
quest%on about the relation between actual behavior and
scores on written tes%s. Fundamental research must te

done to find what relation exists between them.
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B, Literature Related to Prediction
of Student Changes

Theré will be no attempt to review all of the ac-
cumula¥ed literature related to intelligence testing and
the prediction of scholastic success. Rather, some of
the more recent studies pertaining to generallprediction
proolems will be reviewed in order to show the trends in
this area. Alsc a review will be made of differential
prediction studies related to physical sciences and to
reports usiné some of the variatles used in the present
stu@y.

The idea of predicting general college success has
received considerable attention since the development of
intelligence and various standardized teéie in the 1920%s.
These tests were used for admission purposes and the
selection of studep%s. MacPhail (1924) summarized al-
most every article concerning intelligence testing prior
to 1924.

In reviewing the literature, it wac found that there
were many prediction studies reported during the period
1920-1943, A comprehensive zeview. of over 700 prediction
ethieé was made by Durflinger (1943). Tﬁis review
compared the results of correlating intelligence testis
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and achievement tests with college grades. Durflinéer
reported that the meiian correlation between intelligence
test scores-was atcut 0.45 with college grades. He also
reported that.higher correlations were obtained when a
multiple correlﬁtion was made using 5 combination of f
intelligence tests, achievement test scores, and high
school grades. Tke mediar of these multiple correlations
ranged from 0.60 to 0.70,

Many studies have reported that the most useful item
for predicting general college success is the high school
achievement record, expressed either as a high schogl
grade point average or rank in graduating class. Cosard
(1953) summarized in tabulai form the findings of thirty-\
five studies investigating the relationship between high
school grades and cbl%ege success. The correlation co-

" efficient was found toxﬁe\0.53, while the range was from
0.41 to 0.68. The correla%ion sf rank with ¢ _.ege suc-
cess ranged from 0,36 ‘to 0.62.

Bou and Stovall (1§59) reported that a single pre-
dictor, aucﬁ as high school achievement, should not be
used alone. They correlated the high school grade point
average with high school size and obtained a median
corrrlation of 0,57, They reportgd that grades "A" or
"B® in a large high school carried‘ggre weight than



36

the same marks in a smaller high school. Also, it was
notedzthat students who had an average grace of "C" from
a large high school were as successful in college as
those who earned a "B" average in a high school with
fewer than 300 students.

One of the most comprehensive reviews of the liter-~
ature concerning factors related to scholastic success
in college was reported by Garrett (194§).~ He lists
five %actors in order of importance for predictive value.
These are high school scholarship, including rank in
graduating class and grade point average (r=0.56),
general achievement test scores (r=0.47), genmeral apti-
tude test scores (r=0.43), and specific aptitude test
scores (r=0.41). '

Frederickson and Shrader (1952) reported the results
of a comprehensive study made at twelve different schools
across the country using the American Council on Educa-
tiop Psychological Egamigétion (ACPE) along with the
high school rank es predictor variableg for college suc-
cess. It was reported that high school marking suffered
from the disadvantage that various secondary schools used
grading systems which were very different. Rank in class
overcame this difficulty and was. presumably preferable to

average grade. Frederickson and Shrader reported a large
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percentage of veterans on the campuses and believed it
was necessary to consider the veterans and non-veterans
separately. The median correlation obtained between tﬁ;
freshman grade point average and the ACPE was 0.49 for
veterans and 0.45 for non-veterans, The use of rank as a
predictor variable proved to be superior, with a median
correlation of 0,53 for veterans and 0.60 for non=-
veterans. Vhen the two variables were used jointly,

the median correlation was 0,60 for male veterans and
0.68 for male non-veterans.

Bonner (1957) studied a sample of 260 freshmen, us-
ing high gchool rank along with other variables to de-
termine which ones were the best for prediction purposes.
High school rank in class was found to be the best pre-
dictor for first quarterecollege grade point average.

In tﬁe area of physics, there has been a long stand-
ing argument among college physics teachers as to the
value of high school physics. Foster (1938) reported
that stpdents with high school physics as a part of their
preparation had an average grade of 82.58 out of a pos-
sible 100, while those who had.not taken high school
physics had an average of 79.85, The influence of high
school mathematics appeared to be negligible (r=0.13),
but the influence of high school physics was quite high
(r=0.70).
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Hurd (1953, pp. 439-449) discussed the general state
of the high school physics course and various studies
relating to its value, He made the remark that "there
is no real evidence that high school physics is essential
to succesful work in college physics,"

Easter (1954) studied a group of 166 women students
of whom 85 had completed physics while in high school
and 81 had not. He found the avérage grade point in
physics of those who had had high school physics to be
2.41, while those who had not had high school physics
were found to have a grade point average in physics of
1.64. After statisticelly eliminating the effect of the
variable of intelligence, he found that the difference
of 0,77 in the grade point wasysignificant and concluded
that a course in high school physics was valuable to
college students of physics.

Renner (1965,‘p. 620) .reported a survey conducted
to determine the type 6f introductory ppysics courses
offered in college physics,deparfments; He questioned
whether special courses were offered for those students
who had completed high school physics, Analysis of the
questionnaires indicated that very few colleges or uni-
versities offered special consideration to such students,
In answer to the question: "Do colleges consider high

school physics courses as being valuable enough to grant

b
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advanced standing in physics or to change the type of

r beginning physics course the stuient will-take?" twenty-
nine out of thirty-eight midwestern colleges and uni-
versities indicated that there was no need for such a
course, Predicting success in the physical sciences with
any accuracy has proved to be difficult. Prediction of
success in English, the social sciences, the biological
sciences, and mathematics has been shown more accurate
than similar prediétions\in the physical sciences. This
could be caused by the fact that etudgnte in physical
science are more homogeneous in ngturé.

Giessow (1953) obtained predictions for frashman
science courses by using nine predictor variables from
high school records and seven from entrance examinations.
The five natural 3cience courses studied at Washington
University in St. Louis were: basic physical science,
general plant biology, general inorganic chemistry,
general geology, and general physics. The predictor
variables from the students'! high school records were:
total terms in mathematics and science; total grade points -
in general science, biology or botany, chemistry, phyeiés, L
or some other science; grade point average in all eéi-
ences and mathematics; and percentile rank at high school
graduation. Seven predictors from the scores in the

Washington University Scholastic Aptitude Iest were also
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used. These were reading, lingﬁistics, reasoning, the
§ghplaajig_Anjijndg'Igﬂj, and quantitative, perceptual,
and mechanical comprehension, For each course, the
~ criterion was the letter grade earned at the end of the.
first semester. In the differential study, a multiple
regression equation for predicting the general physics
grade was developed. This included only two of the
original predictor variables, namely the Quantitative
Subteat and the grade point average in high school sci-
ence. Theaé two variables gave a multiple R of 0,79.
Another article which dealt directly with the
measurement of student achievement in college physics was
prepared by Kruglak (1965). This Resource Letter was
prepared af the request of the American Association of
Physics Teachers and supported by & grant from the
lational Science Poundation. It was one of a series of
Resource Letters intended to guide college physicists
to some of the literature that could improve course con-
tent. A list of seventy-eight articles was given, all
dealing with the important area of testing for student
achievement in college physics. The author reported that
the grades received in physics courses were at best "an
order of magnitude estimation" and that measurement of
achievement in physics was still largely an unexplored

area.
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There have been a relatively small number of\
studies coacerned with the prediction of success in col-
lege physics, Bo;te (1966) 'used multiple correlation
techniques to analyze the high school and college sci-
ence and mathematics*background; of students who had
completed the first semester of col;ege physics., Only
the following two variables of the ofiginal twelve vari-
ables remained as significant predictors of success in
college physics: higp school grade point énd high
school physics. The high school grade point average was
the best predictor and the high school physics grade the
worst predictor. Although high school physics was the '
1eas¥ important of the five predictors, it remained a
significant predictor. High school background in ﬁﬁthe-
matics appeared to have no predictive value in determin-
ing success in college.

Sachtleben (1967) investigated the predictive value
of the Scholastic Aptitude Test and the various back-
ground variables of high school and college work for
success in the first semester of college physics. High
school background in mathematics, chemistry, and biology,
and also the size of high school class, were shown to be
insignificant predictors for success in college physics,
Converted high school rank was the most significant pre-

dictor. This variable included a measure of a st&dent's
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attitudinal and motivational factors which had been
pfeaen£ throughout his high school experiences, Ad-

vanced high school and college mathematics courses, \

along yith physics, could be considered beneficial to
the student of college physics. The SAT mathematics
scores were of considerable predictive value, as were
type of college and sex of the_studen;.

Bolte's atudy-at*a large state university and
Sachtleben's study at six liberal arts colleges in-
dicated the common significant variables. The results
showed that the high school grade point average or con-
verted rank, courses in high school physics, freshman
college mathematics, and coilege chemistry were ali
associated with success in college physics.

-One of the most extensive studies by Adams and
Garrett (1954) on beginning physics students at Louieiana
Staie'Universtty showed that articulation between college
phyoics and various typés of high school work was poor,
but that high school records were better predictors of
success in college . physics than entrance examination
scores., It was indicated, however, that at least high
school physics did not hinder the student of college
phys.cs.

Poster (1938) reported a partial correlation of
0,70 between success in general college physics and high
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school physics.( At 0.77, the partial correlation between
success in general college physics and native intelligence
was, however, higher at 0.77. By way of comparison, it
is interesting t~ note that the partial correlation between
'collége physics and high school mathematics was only 0.13.
Foster concluded that Kigh school physics was not a
negligible factor 'in the success of college Atudents of
physics, E

Finger, Dillon, and Corbin (1965) studied success
in college physics for students claséified as to their
high school background in ph&sics. They used three
groups consisting of students with PSSC physics, students
with conventional physics, and students with no high
school physics. The results, generally implied that no
significant difference in performance in college physics
existed among the three groups.

A review of the literature reveals that the idea
of predicting college success has been an impor.ant part
of educational research since the developmend of standard-
ized tests. Numerous studies have been conducted to
predict general\ college ‘success, but only within the
past twenty ye;:s\gave atﬁdiéé*been made dealing with
differential prediction.

A8 one reviews the research done in this area,

several weaknesses appear in many of the studies, Samples
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involving a relatively small number of students were’
noted., In those cases no statistical justification was
attempted to validate the conclusions derived from‘the
analysis of the sample data. Another weakmess noted was
that no test of significance was applied to the correla-
tion coefficients. The correlation coefficient between
the variables investigated and success in college was
the usual method of showing relationships. The magnitude
of the correlation coefficient was then used as an index
of the predictive value of the variable. If no test
of‘significance was performed, then little value could
be placed in the results of the study.

As one reviews the literature in chronological
order, he notices several trends. In the earligr studies
only a few variables were used. This was caused, in
part, by the long calculations involvsz3d. Recently,
however, mcre variables have been used in the studies
and the multiple correlations and regression equations
can now be found by using advanced computer technigues.
- It is noteworthy, also, that throughout the years new
variables continue t. appear as different standardized
tests become available. Therefore, constant research
is needed in this area so that prediction techniques can
be reviewed, revised, and updated by adding new vari-

ables as these new instruments become available.




c. ‘Literature Related to Effect of

. , Pergonality on Student Ghanges

Deépite the critical importance of personal char-

ality.

acteristics and a half-century of ‘prodigious research
effort, very little is known about the nature of person=-

Most of the studies have not produced significant

results, Many others havafprqduced only pedestrian find-
ings (Getzels, 1955).

A number of serious obstacles face the researék-
worker in the area of personality.

Three problems il-
lustrate the situation; i.e,, the problem of definition,

the problem of instrumentation, and the provlem of the
criterion,

There are profound differences in what is meant by
the term "personality."

Definitions are often contra-
dictory; observations are often based on other defini-

tions. In general, the more common definitions may ne

classified into two main categories: (a) behavioral
definitions; that is, personality is the totalify of a

person's usual behavior; (b) social-stimulus definitions;
that is, personality is defined by the response made by
6thers to the individual. The problem is not that there
are different conceptions of personality, but that re-
searchers fail to distinguish one conception from another,

and thus the data obtained from one definition are not

45




differentiated from the data obtained in terms of
another (Getzels, 1953).

Gowan (1964) theorized\that the causal factors
which allow individuals to assume their sponsoring roles
in fostering creative work arc deeply imbedded wiéhin'
their persornality structures, Wwhile many wfitérs have
made this assumption, 1little experimental evidence is
available to support fheir claim,

Rokeach“(1959) has conceptualized dogmatism in
terms of the degree to which a belief—dishelfef siatem is
"open" or "closed," For him, the basic.characteristics
that define the extent to which the belief system is open
are a person's cépacity to receive and to analygze ati;ulus
information objectively, without dietortion, and then to
reppond to the information on the basis of its own
inf}insic merite, unihpeded by irrelevant facfore in the
situation which arisge f;om within the person himself or
from external factors., In this conceptﬁalization, the
more closed-minded an/individual, the more di;ficult it
is to distinguish between information received about the
8. wrce and information received about the world, Con-
versely, the open-minded individual is bett;r able to re-
ceive and analyze information objectively, to act upon
the information independently, and to judge the informa-

tion on its own merits,

46,
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The open-minded individual characterized b¥ Rokeach
needs the opportunity to make independent decis%ons,‘to
plan his method of work, to observe and try to Jnderstand

others, to analygze his own motives, and to engage in social

.
W .
ety

activities in order to satisfy his needs, " Conversely,
other conditions such as explicit directionms, encouraée-

* ment, the completion of t..e task undertaken, and benevolent
anthoritarian leaders or supsrvisors are nébessar&’in order
that the closed-minded 1ndiv;@ua1 may eatisfy’his needs,
For the optinmua satisfaction 61 needs, those with closed
minds require a different psychological climate., It is
reasonable to expect that certairtasks may be accomplished
satisfactorily by those with open minds; while these same
tasks would be more difficult if performed by those with
ciosed minds, and vice fersa. ”

"Dogmatism" in the present sfudy, as in Open and
Closed Minds, refers to a closed way of thinking which
can be agsociated with any ideology, regardless of con-
tent, an authoritarian outlook on life, an intolerance.
tbward those with opposing beliefs, and 2 sufferance of

“those with similar beliefs, To sd§ that a person is dog-

matic or that his belief system is“qlosed is to say some-
thing about the way he believes and the way he thinks =~
not only about single issues but also about networks of

igsues, The mai: concern is with the structure rather
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than the content of beliefs, (Witﬂin this framework it
would be of interest tc explore the rslationship between
belief and thought and the possibility that there is a ]
basic unity between theu, I1f something is known about the
way'a person believes, is it possible to predict how he
will go about solving problems that have npthing to do
with his ideology?) \m

At first glance rigid ahd dogmatic thinking appear to
be synonymous; Ethey bofp refer to resistapce to change,
Rokeach (1959), however, recognizes the distinction be-
tween "rigid" and "dogmatic" thinking, Tﬁe first refers
"to the resistance to change of single beliefs {or sets of
habits), and ““:e second refers to the resistance to change
of systsms of beliefs, For example, if is ordinarily
stated fhat a person is performing a %Lsk rigidly, not
dogmatically, Thus, the referent of dogmatic thinking
seems to be a hotal cognitive confyéuration of ideas and
beliefs organized into a relativeLy closed system; rigid-
ity, on the other hand, pcints to;difficulties in overcom-
ing ' single sets or beliefs encountered in attacking, solv-
ing, or learning specifi¢c tasks or problems,

Dressel and Mayhew (1954) observed that when con-
fronted with problems, individuals in general behave as

follows:
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(a) They tend to avoid real problem-solving.

(v) They apply only a limited stock of techniques

to solve them.

(c) They are satisfied with partial solutions,

(d) They change the problem completely.

(e) They escape from it entirely.

These behavior patterns indicate the influence of
emotional factors on critical thinking. This relation-
ship between personality and cognitive variables was
first established by the reseaﬁch of Else Frenkel-Brunsw.a
(1949) who found that as a result of early parent-child
relationshiﬁs, there emerges variance in ability of
youth to tolerat. ambiguity, and that this emotional
and social ambivalence manifests itself 1; the cognitive
spheres (thinking, perception, and memory)., Postman and
his associates (1948) concluded from their research that
the individual establishes a perceptual defense against
inimical stimuli. In his study of rumor, Allport (1935)
observed that what leads to ob.iteration of some details
and falsification of others occurs because the force of
the intellectual and emotional context existing in the
individual's mind leads to the assimilation of ideas in
accordance with the values inherent within the individual.
Thus, Maslow (1954) concluded that individuals ward off
threatening aupect& of reality which at the same time
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provide the individual with a compensatory fee%!ﬁg that
he understands it, This fcrm of thinking is referred
to as dogmatic, |

Such behavior patterns as those listed above lower
the individual's efficiency in critical thinking, When
they are examined, ;ﬁ is noted that emotional effects exert
a pervasive influence on the outcome, Individuals appar-
ently try to cope with a situationdthrough the use of dis~
tortion, nafrowing, or withdrawal, They\gg,not~t016§§¥;/
ambiguity and move toward "closurd“”;1;;;u; sufficient con-
sideration of the various aspects of the problem necessary
to solve it. Of course, others confront a new experience
very differently; they approach it in all its details,
They analyze, evaluate, discard, or integrate part or all
of it., The more open-minded the individuals, as measured
ty the Dogmatism Scale, the more perceptively they examine
diffe:.nt aspects of the experience, try to clarify the
ambiguity, and strive to see the relationship among the
parts,

Solomon (1953) found that open-minded college stu-
dents, as measured by the Dogmatism Scale, showed greater
ability to discard preconceived ideas and to integrate
or accept new and scientifically demonstrated facts.,

These open-minded persons in whom there is almost a com-

plete absence of defe: .es and an increase in spontaneity

/‘/‘ ‘



51

and honesty, resemble the self-actualizing individuals
described by Maslow (1954). The distinct difference in
the approach to critical thinking as measured by WGCTA
between the open and closed minés led to the assumption
that in situations requiring the performance of higher
thought processes, the low=dogmatic individuals would

be more efficient than the high, | '

There is some evidence that a meaéure df rigiditj
might serve as a somewﬂat rough index of creativity.
Fleming and Weintraub (1962) discovered a moderately
negative relationship (r = 0.41) between rigidity and
verbal crea%ivity among children,

Kemp (1960) compared those students who were low
with those who were high in dogmatism, with reference to
their ability in cfitical thinking as indicated in prob-
lem-solving, Five hundred college freshmen were used in
the sample, and each student participating in the study
was administered the Dogmacism Scale, Form E, developed
and standardized by Rokeach (1959). The Dogmatism Scale

was used as a means of classifying the student's dog-
matism, Fifty proble?s in critical thinking involving
analysis and evaluation were administered to the students,
Both students with the highest and lowest scores in rela-

tion to dogmatism were seiected for this comparison.
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Kemp found that in critical thinking, the low dogmatics
are more successful than the high,

Kemp (1964) showed that open-minded and closed=-
mindgd students, as measured by the Dogmatism Scale,
differ significantly in character and degree. A random
sample of 120 university students of both sexes was
used in the study. The open-minded have a.greater.need
for autonomy, dominance, intraception and heterosexuality;
the closed-minded haye a greater need for nurturance and
endurance. ’

Adorno, Frenkel-Brunswick, Levinson, and Sanford
(1950) hypothesized that some individuals are consistently
rigid, anxious, and generally receptive to authoritarian
statements, At the opposite extreme there are individuals
who tend to reject authoritarian statements and might be
described as flexible.

A review of the literature reveals numerous studies
that have explored the rélationship between various
aspects of the academic background of students and their
achievements. There are, on the other hand,fonly a very
few studies designed to determine the relati?nshipe;be-
tween student personality and his learning aﬁd attitude
toward such learning. Thus, to research the outcomes of
such an attempt has been an obvious impossibility, Since

\
the majority of the subjects in the present study are
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prospective elementary teachers, a review of some of the
most recent studies pertaining to teacher personality and
its relationship to learning might be informative in giv-
ing a clue to the relationship between student personality
and his learning,

The American Educational Research Association (1952,
1953) stated the main reason for conceptual and experi-
mental limitations of research on personality and
student change: research in this field is conducted
in a theoretical vacuum, Investigators are busy secking
ad hoc solutions to immediate problems with little regard
to the theoretical meaning or long-range fruitfulness of
‘the findings. Hypotheses are based upon over-simplifica-
tions of personality, leading to inadequate methodology
and to conclusions which make neither psychological, socio-
logical, norfcommon sense, The authors concluded that
only by working with the context of sound theory can one
hope for useful, relevant, and widely applicable findings
(American Educational Research Association, 1952). _

Getzels and Jackson (1967) argued that cognitive
variables usually do not correlate with pupil growth as
measured by changes in behavior. Much remains to be
learned about the art of systematic classroom observations.

The teacher's behavior changes when an observer is present
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and the observer can sample only a small part of the
teacher's repertoire,

In a national sample of physics classes, Rothman, °
Walberg, and Welch (1969) examined the relationship be-
tween teacher characteristics of training, experience,
attitudes, personality, and values, ani these areas of
student learning: achievement, irterest in and under-
standing of science, and attitudes toward physics and
teaching, Rothman et al., 1969, found that the teacher's
peféonalit?‘and value system is more strongly related to
students! ;chievehents in physics, attitudes toward B
physics, and interest .: science than the teacher's
preparation in phye .cs, mathematics, history and philos-
ophy of science, his knowledge of physics, or years of
physics teaching experience,

Rothman (1969), examining the relationships between
teachers! backgrounds, personalities, and attitudes to-
ward physics and student learning, found also that stu-
dents acquire more knowledge about physics when taught
bf\teachere with extensive preparation in physics and
mathematics, However, these samé students appear to lose
interest in physics. Students of s;ue teachers who find °
mathematicg/and physics understandable and important, re~
port that fhey(héve found physics less interesting.
Rothman reported a significant relationship between
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teacher personality, as measured by the Edwards Personal
‘Preference Schedule (EPPS) and Allport-Vernon-Lindzey
Study of Values (AVL), and students' cognitive learning,
as measured by the Test on Understanding Sciemce (TOUS),
the Welch Science Process Inventory (WSPI), &nd the
Project Achievemgnt Test (PAT). The joint action of the

teacher personality variables accounted for 70.6 percent
of the variance in the three measures of cognitive learn-
ing. However, the report indicated that no overall rela-
tionships exist between the teacher personality variables
and changes in student attitudes and interests.

One personality characteristic that has received
some consideration in the past few yé;rs is dogmatism or
the degree of open- and closed-mindedness within the

“belief system, The importance of open-mindedness for

tasks involving personal interaction, leadership, and
social understanding seems.inconteatable. Several writers,
including Barr & Eman (1930); Charters (1929); Weir (1963);
and Wendt (1961) have suggested that open-mindednese is
a most important variadle in promoting a good instruction-
al climate at all levels of learning.

While dogmatism is being invéstigated as a student
characteristic affecting learning under different teach-
ing me hods, a more specific theory about the conditions -
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which are effective in producing learning for siudents
of high and low dogmatism is needed.

-Ackerman (1954) reviewed more than thirty studies
that attempted to relate teacher characteristics with
the criterion "measured student change." These studies
used student attitude towards teachers, teaching experi-
ence and preparation, teac?er age, intelligence, profes-
sional 1n£ofmation, personélity, social attitudes, and
relationships with pupils as dependeﬁt variables. The
author. concluded ‘that, in general, the results were
‘contradictory and inconsistent. Inconclusive and con-
flicting results have often been reported (Davié;‘1964;
Schmedemann, 1967). \

Yager (1966) found that the individual teacher af-
fects the outcome ok instruction '~ science, the growth .
of critical thinking, the understanding of the nature of
science and scientists, and student attitudes toward a
given course. A teacher can be strong in stimulating a
particular outcome of learning in his students while be-~
ing weak in another aspect., Yager recommended that
specific traits of teachérs should be studied in order to
establish patterns prbducing desirable reeulpa in student
achievement., Such information would be invaluable in the
recruitment of persons to the teaching profession, to in-

gservice experience, and to pre~service training.
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As the focus shifts to student characteristics, re-
search designs should employ teaching method variables
and dimensions of individual differences bearing some
theoretical relationship to one another, as suggested by
Cronbach (1971).
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CHAPTER III

METHODS AND PROCEDURE

A, Selection of the Sample

The sample selected: for this study consisted of
students enrolled in the course called "Thought and Struc-
ture in Physical Science"(LAS 140) designed for non-science
majors at the Urbana-Champaign Campus of the University
of Illinois during the fall semester of the 19772 aca-
demic year., Four hundred and seventy-one students were
included in the sample. The class was composed of eighty-
four percent freshmen and sophomores, sixteen percent juniors
and seniors, Although ninety-nine percent of the students
came from the State of Illinois, the remaining one percent
of the students graduated from high schools in fifteen
different states, One of the targets for the course was pro-
spective elementary teachers, which accounts for the fact that -
sixty percent were elementary education majors. The students
were randomly assigned to the three lecture groups and to
the several discussion and laboratory sections, Forty per-
cent of the enrollees were women., The philosophy and ob-

Jectives of the "Thought" course can be found in Appendix
B on pages 178 through 184,
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B. Selection of the Variables

‘When one attempte to select the independent variables, j j
it is necessary to make some preliminary dec}aions. Since
1t was not possible to consider all academic, biographical,
and personal characteristics, it was necessary to estab-
1ish some guidelines for the selection of the variables.
The guidelines established are listed below:

A

1, It must be possible to express the variable as a

numerical value.

2, The variable must be available for a large

nuﬁber of students, -

‘3. The variable must be related in some way to

each of the dependent variables. ' !

4, The variable is relevant in the judgment of the

investigator and the teaching staff,

The last two of these guidelines require personal
judgment based on the experience and interest of the
investigator in teaching physical science to non-séience
najors, The variables qhosen for this stﬁdy include some
factors which were found to be important in .previous
investigations and some which seemed to be peculiar to the
theoretical framework of the course and more modern ob-

jectives in science teaching,
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It was of partiéular interest to determine what frac-
tion of the total effect various high school and coliege
scienc;‘and mathematics courses had on studrnt‘changei.
For example, it might be expected that high school
m#thematics coursee would affect.a student's later pe#form-
ance in college physical science, These courses have con-
siderable interrelation based on varioue reports in the

literature. The various mathematics and science coursges ////

-

% SRR e

- Were cpbson for varisbles because of the presupposition
generaily held by many students and instructors, t
previous high school courses in mathemi;igg/anﬁ/fhe.sci-
ences are prerequisite to success in o lege phéqical

science courses, ‘ [

\

\
.

The majority of the colleges throughout the country ‘
use some form of entrance examination. The University o
Illinois uses the American College Testing Program (ACT)\
examinations., Because of the widespread use of this |
examination, the scores were included as variables.

On the basis of the considerations indicated above,
data were secured and recorded on IBM cards concerning
the twenty-six independent variables and the four criter-
ion measures listed in Chapter I on page 6. i / N

Although the grade is a universal way of rating the
academic success of students, this investigator chose not

to use it for several reasons. Tho'ataff in the course
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.emphasizes grades as qn//ﬂdicator of success %and puts
. Pr
more emphasis upoﬁ generating diversity, The staff also
feels that a prop~rly designed curriculum should assure

success for all individuals but not in the same manner.

'In other words, the staff claims to be concerned not so

much with veaching the '‘right bhrand of physical science"
as they perceive it, but with examining wh@t Yolyani calls
"personal knowledge." They are interested}in the nature
of evidence relative to each student's concepiaal view,
They feel t£7t‘this method will allow the student fo
operate within assumptions of his own, and would also al-
low nim to defend a choice most consistent with his own
view, It 1s also possible that’variations in grading pro-
cedures between instructors mfgh{ affect the criterion
variable, |

The number of hours of science and mathematics
courses was chosen as a variable because the interest in
this study was to compare the effect of academic and
pérsonalecharacteristics of students on learning, Insteau
of using previous aghievemeﬁt in each high school bourse,
the quality of student work is considered on a more
general basis by using high school rank of the students.

Previous investigators, including Naibert (1964),
Dyer (1952), and Fricke (1958), used the College Entrance

Examination Board verbal and mathematics scores to predict
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general college success. These sc-'res have also been used
for differential prediction in the area of chemistry. Since
the University of Illinois required ACT scores for admission
purposes, it was decided to usé’thgse gcores as predictor
variables, - |

From the previous discussion concerning the
variables in this study, the following undFrstanding
ghould be stressed., It is not impliea that the variables
being considered, in melation to each of the dependent
variables, are the only ones which are actually related.
Instead, these afe the variables which lend themselves to
a reasonably accurate measurement and satisfy the four
assumptions st#%ed at the beginning of this chapter. They’

can also be treated statistically by using computer tech-

niques,

C. Egptrumentation

N v
Each of the six instruments was selected to measure

a particular aspect of interest in the study. Five\instru—
ments were used on a pretest - posttest basis, Only the
CPI was administered on a pretest basis, The six instru-
ments used in the study are:
M o1, 3223 on Understanding Science, Form W (ZOUS)
' 2, rﬂggggg-gigggg Critical Thinking Appraisal,
Form YM & ZM (WGCTA) '
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5. Silance Attitude Toward Any Schiol Subject, Forms
A & B Short Forms (Silance)
4. Student Perception of Teacher Style (SPOTS)

5. Dogmatism Scale, Form E (Ds)
6. California Psychological Inventory (CPI)

Specific statistical data concerning the four instruments
are summarized in Appendices C through G, Brief outlines of

the various instruments follow.

Test On Understanding Science

The Iest On Understanding Science (TOUS) was developed

to meet a definite need., During the years preceding the
development of this test in 1961, evi%ence mounted that
pupils' understanding of science and sbientists was disap-
pointing despite increased exposure to science, Suggestions
‘were made that historical materials or an investigative
approach might be effective in attaining these important ‘
injtructional outcomes, But a valid instrument was needed
to evaluate outcomes in this realm, In fact, Cooley and
Klopfer (1961) developed the test to evaluate their own use
of case.b}stories in the various areas of secondary school
science iﬁstruction. The Test On Understanding Science
(TOUS) has a reliability of 0,76, The defirition of
understanding of science is illustrated by the following
themes (Cooley, Klcpfer, 1961, pp. 3-4).
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The major themes measured by TOUS are divided into three

areas as follows:

11,

2,

3.

Understanding about the scientific enterprise

a, the human element in science |

b, communications among scientists

¢. wucientific societies

d. instruments

e, money .

f. the intermational character of scieﬁae

g. the interaction of sciunce and society
Understanding about scientists

a, generalizations about scientistq as people

b, 1institutional pressures on scieﬁtists

c. abilities needed by scientistg/

Understanding about the methods ghh aims of science
a., generalities about scientifié methods

b, tactics and stratééy of sciencing '
¢, theories and models 4 '

d. aims of science

e, accumulations and falsification

-f. controversies in science

'~ g. science and technology

h.” unity and interdependence of the sciences
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Watson-Glaser Critical Thinking Appraisal
The Watson-Glaser Critical Thinking Appraisal is a
widely used instrument recommended by its authors "... as

‘a research tool to determine the relationships between

1

N ecritical thinking abilities and other variables or traits,"
f(Watson & Glaser, 1952, p. 9) They further define what
the test measures:

« « o The.total score yielded by the test
represents a valid estimation of the pro-
ficiency of individuals with respect to
these aspects 'of critical thinking:

{/ 1, The ability to define a problem,
* 2., The ability to select pertinent informa-
tion for the solution of a problem,
3._.The ability to_recognize stated .and
unstated assumptions,
4, The ability to formulate and select
relevant and promising hypotheses,
5. The ability to draw a valid conclusion
and to Jjudge the valicdity of inferences.
(Ivid., p. 9) '

Watson and Giaser (1964) state that: "The stimuius

-

situations are similar *to those which a citizen in a
‘_\_ﬁ._ﬁ/‘ A !
democracy might .encounter in his daily life as he works,
reads a newspaper or nagazine article, hears speeches, par-
ticipates in discussions on various issues." (p. 2) Forms
%M and AM were used as pretest and posttests: Forms YM
and AM have reliabilities of O, 86 and 0,77 respectively.
The odd-even split half formula as corrected by Spearman-

Brown waq/used.
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A Scale to Measure Attitude Toward Any School Subject

The Silance: Attitude Toward Any School Subject instru-
ment (Silance, 1960) was developed to determine sub;:ct
preferences of students, The subject chosen for this
study was physical sciepce desi;med for non-science majors.
The Silance score was computed by finding the median re-~
sponse or responses for the subject., The score for that
subjecf was determined by a > redetermined value for‘each
median resvonse, If there were én even number of resgqnses,
the values of the median scores found on the score sheét
were added together and then divided by two, Often the
score was rounded off to one decimal ;lace, The scores for

each subject were ranked,

Equivalent forms were developed for this test, with

reliability ranges from 0.81 to 0,70, They were computed

by using different school subjects, The reliabilitieé
reported for biology, chemistry, “nglish, and mathematics

follows:
Subject Reliabi“ ity No, in the sample
1, biology r = 0,81 (n = 269)
2, chemistry r = 0,70 (n = 771)
3. Englizh r=0,74 (n = 705)
4, ma‘thematics r=0,74 ‘n = 579)

The reliability for college physical sciences is not re-
ported in the literature,

|
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This scale Qas the basis for the revised, shorter
scale developed by Siiance (1960) to measure attitudes,
toward any school subject., The exact popula%ion upon
which the scale was constructed is uncertain, but it was
apparently a large sample (several thousand) of high |
school students and college undergraduates, Shaw and
Wright (1967) claimed that the scale had adequate content
validity, The original reliability of the scale is not

reported in the literature.

Student Perception of Teacher Style (SPOTS)

Student Perception of Teacher Style (SPOIS) .

is an instrument which measures student atiitude toward
instrvctional climate (Tuckman, 1970). Previous attempts
with similar objectives (Lewin, Lippitt, & White, 1939;
Wispe, 1951) employed detailed narrative accounts in an ef-
fort to deal effectively with a large sample of behavior,
More widely accepted techniques for studying teaching style
. have been developed (Amidon, & Flanders, 1963; Migéey, &
‘Mitzel, 1963; Peikins, 1964), The Amidon-~Flanders approach
requires trained observers to enter classrooms, categorize
the verbal behavior of the teacher, and produce matrices of
the verbal responses, In contrast; the Medley~Mitzel Oscar
technique necessitates the observation of "signs" of speci-
fic behavior by trained observers in the classroom, Both

techniques offer objectivity at the expense of efficiency.
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Remmers (1963) suggested that: "Many of the variances
in research on téaching are so complex—that tests, ques-
tions, and objective behavior records are either inadequate
or too inconvenient,"(p, 329). Alternatively, he proposed
that sensitive, complex, and alert human observers become
the recording instrument, and that scales be the methoquf
communication, However, other rating scalée developed
(Christensen, 1960; Solomon, 1964) seemed to confounc
the concept of directiveness with other evaluative dimen-
sions of teacher behavior,/@uch as competence,

Classroom observation/plus an examination of the
literature led %o an operational definition of directive
teaching, emphasizing structure and interpersonal r~lation-
ships in the classroom, The following illustrate the _3PQOTS
concept of directive teaching:

1, formal planning and structuring of course work

2, minimization of informal work or cmall group

work
3, rigid structuring of small group woik wherever
" such is employed

4, rigid structuring of individual and classroom

activities

!

5. emphasis on factual knoy;edge or knowledge

Yy

derived from sources of authority (books, school

administrators)
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6. use of absolute and justifiable punisnment

7. minim;zation of the opportunity to make and to

learn from mistakes

8, maintenance of formal relationship with students

9, assumption of total responsibility for grade

10, maintenance of formal classroom atmosphere

The student rating scale developed consists of
seventeen items, each describing a facet of classroom
behavior indica%ive of the directivenesa or non-directive-
ness of teaching style, based on the above operational
definition, The SPOTS test requires students to rate the
intensity or freqﬁency of specific teacher behavior on a
nine~point rating scale.

The SPOTS test appears to satisfy the five criterie
(Remmers, 1963) for judging the adequacy of student rating
scales in the following ways: ' (a) objectivity: a1t
yielded verifiable and reproducible data; (b) reliability:
it was consistent (r = 0,69 - 0,98, where T is the
interjudgs reliability coefficient); (c) sengitivity:
it discriminated between both teachers ani teaching
styles; (d) relevance: it was related to the construct
of directiveness (closed classrocu ciimate); (e) util- .

ity: it was high in efficiency and in practicality,




70

Dogmatism Scale (DS)

The Dogmatism Scale, Form E, was developed (Rokeach,
1959) to identify open and c.osed belief systems.
The scale focuses on thz structure of the belief system
rather than on the content of ideological systems;
it emphasizes how individuals believe, rather than
what they believe., The Dogmatism Scale, Form E, con-
sists of forty Likert-type items, to which subjects
respond by means of a six~-element key ranging from
"I agree with the statement" to "I disagree with the
statement," Scores might range .from 40 to 280, with
a high score representing extreme closed-mindedness
and a low score indicating an open mind, High scores
are interpreted as showing dogmatism and lack of recep-
tiveness to new ideas; low scores are interpreted as show-
ing flexibility, adaptability, and receptiveness to new ideas.
The scale is scored by the method of summated ratings where
the higher the score, the greater the degfee of closed-mind-
deness, Five editions of the scale are available. The aim
cf fhese'revisions was to take advantage of conﬁinuing
refinements ‘in the theoretical formulations and to increase
reliability, The f}nal forty-item scale, Form E, was found -
to have a corrected reliability of Q.81 for the English
college and 0,78 for the English worker sample. In other
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samples subsequently tested at Michigan State University
and at Oh16 State University, the reliabilities range from
0.68 to 0,93 (Rokeach, 1959, p. 90). These reliabilities
are considered satisfactory, in view of the fact that the
Dogmatism Scale contains an eclectic collection of writings

which on the surface appear to be unrelated to each other,
L

California Psychological Inventory (CPI)

The California Psychological Inventory (Gough, 19§0)“
was developed to measure a set of eighteen personality
characteristics important in social living and ébcial
interaction., The inventory is mainly concerned with those
characteristics of personality which have a wide and per-

vasive applicability to human behavior and which, in

addition, .are related to the favorable and positive a&"ecté

of personality rather than to the morbid and pathological.
A second goal for the CPI was the practical one of de-
- vising brief, accurate, and dependable subscales for
the identification and measurement of the variables
chosen for inclusion in the inventory. Based on tﬁe
sample used in this study, the reliability for the nine
aubécales range from 0,47 to 0,67. A further con-
gideration was that the instrument be convznient, easy to
use, and suitable for large-scale application, -
The test booklet contains 480 items and yields
eighteen standard scores, FEach scale is intended t¢




72

consider one important facet of interpersonal psychology;
the total set of eighteen is intended to provide a compre-

f hensive survey of an individual from the social inter-
action point of view,

Norms for the CPI were developed from consolidation
of the available samples into a single composition sample
for each sex, Standard scores for males are thus based
on more than 6000 caseé, while female norms include more
Epan 7000, These totals are fairly large and/ihclude

/ﬁ wide range of ages, socio=-economic groups, and geogra-
// phical areas., The CPI has been administered to over
/// 50,000 Subjects. Gough (196Q) reported reliability ranges
9f 0.60 - 0,74 for males and 0.57 = 0,77 for females for
the nine subscales selected for this study. \
, The names of the scales were carefully chosen to
I describe as closely as possible the kind of behavior they
were decigned to reflect, The meaning is made clear by a
knowledge of the definition or purpose of the scale, which .
in most cases suggests the kind of criterion groups used in
developing it, Appendix C on page 185 gives the scale
uefinitiona which are supplemented by a listing c¢f charac-
teristics frequently associated with high and low scores on
each measure,
Factor analysis of the CPI (Mitchell, Pier~e-Jones,
1960) yielded four.factors, one of which is called "Capacity

for independent thougﬁt and action," This factor, which ic

! .
Q ¢
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of special interest in this study, consists of the
following CPI scales: Capacity for status (CS); Social
presence (Sp); Tolerance (To); Achievement via inde-

pendence (Ai); Intellectualvefficiency (Ie); Flexi-~

|

bility (Fx). Three additional CPI scales, Self-acceptance
(sa), Responsibility (Re), and ft;;evement via co;formance
(Ac) were added to the above sé; of six CPI1 scales be-
cause they are relevant to the criterion measures in

: \

this study. |

D, Experimental Plocedures,.

i
)

. is that of the control group experiment-wherein one group

'Most common of the scientific ;tatistical procedures
utilizes one curriculum and an equated group utilizes
another, When there are extensive differences in the cur-
riculum objectives, as was the case with the "Thought"
course, it is difficult to devise tesis or other evalua-
tive criteria with which valid comparisons with a control

group are possible., To compare the QSiience Thought"

course at the University of Illinois with a\itraditional"
physical science course may not be ver* different from
asking whether Method A is as effectivé in teaching
English as Method B is in teaching histpry, .
Heath (1962) suggested that instea? of attempting

to carry on comparative curriculum expefiments in a vain
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attempt to decide which is better, attention should be
)
directed to determining the characteristics emphasized

in the curricula and the effect of these curricula on
N

—

student enthusiasm for the subject matter.

Because of thesé‘coneidergfions, the One-Grpuﬁ
Pretest-Posttest design presentéd by Campbell and Stanley
(1963) waa’used in this study, At the same time, the
limitations of the one-group study sh:j;d/be recognized.
In particular, it is difficult to atifibute the growth to
the course in physical science, AT{}

other experiences

may have been just as effective, as the science courre, |
' This study is not uniqug/in using the One-Group r”J
Pretest-Posttest design; m7hy investigators (Finger,

Corbin, & Dillon, 1965; Tdmir, 1969; Whelchel, & Pettus,
//

1970) have abandoned the task of comparing two types —-

of curricula, The results usually reveal no significant

differences; or worse, they produce cdnflicting findings./
The 0.05 level was used to determine significance

throughout all the analyses, An F Vélue greater than

the tabled value indicates significénce and is marked |

with an asterisk in the tables., A t=-value gréater than

the/ tabled value also indicates significance and is-

marked with an astefisk in a similar manner,
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For the purpose of this‘study, student changes
are measured by the differences between the postscores and
prescores on each of the four criterjon variables. The
analyses will be discussed in the following order:
/' )
" 1, Type I Design for Analyzing Student Changes
, This analysia corresponds to the first step\§f\§he
Purpose of bﬁudy, Chapter I, Type I design, as desix\\fed

by Lindquist (1953), was used for pre- and posttest mean

- scores on the four criterion measures and the Dogmatism

Scale, This design is basically a two-factor design in
thch}each of the A treatments 1n\combinatjon with any one
B treatment is administered to a different group of sub-
jecté. The total experiment may thus be regarded as con-
sisting of three experiments of tre;%ments by subjects,

the first experiment with B held conatant at the B1 level,
the second experiment at the 32 level, and the third exper-
iment at the B3 level. The trea?ment by subject design was
used for pretest and posttest aﬂglyees for each instructor
for which the interaction term was significant, The treat~
ment by subjéct analyses were madé\in order to gain addi-
tional_insight into the nature of %he changes, The signifi-
cance of the interaction, if it éxists, would be equiva

to the conclusion that the mean growth from pretes
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2. Multiple Regression Analysis
for Predicting Student Changes

When an analysis is made to determine the relation-
ships between several variables in this study, it is
unlikely that each of thé variables will be independent
of every other variable. For example, it must be taken
into account that the relatiqnships between two variables
such as high school mathematics and intelligence are un-
dceubtedly . interrelated with a third variable such as the
ability to think critically. There is a high zero order
correlatisn between high school hours in mathematics and
scores on critical thinking. This may imply that intelli-
gent students are tpe ones most likely fb take mathematics,
and that these intelligent students will do well on criti-
cal thinking tests. The importance of mathematics as
related to the ability to think critically might be negli-
gible.

Multiple regression analyses provide a means of
defining the best combination of variables to predict
a given criterion. In the preéent study there are four
dependent variables. These techniques take into account
the interrelation among the individual predictors. Some
of the basic theory of multiple regression analysis and

stepwise regression analysis (SRA) will be discussed in
order that the final results can be clearly understood.
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SRA analysis was used to study the interrelation of
two or more independent variables to a dependent or criter=-
ion variable. The value of SRA is that a sequence of
multiple linear regression equations are computed in a
series of steps, At each step, the variable which makes
the greatest reduction in the squared errors of prediction
is added to the equation, 1t is the variable which has
the highést partial correlation withlthe criferion, givgn
those that have already been added, It is also the
variable which, if it were added, would have the highest
"F" value for added regreession, An independent rariable -
that has been tentatively accepted into the prediction
eduation will be removed from thé regression equation if
the "F" value falls below a stated level. A more complete
description of the Fortran IV program can be found in
Selected Statistical Programs, edited by Snider and
Thomas (1970).

The stepwise regression analysis was made for each of
the four dependent criterion measures. iﬁese include gains
on Test On Understanding Science (IQUS), Watson-Glaser
Critical Thinking Appraisal (WGCTA), Attitude Toward Any
School Subject (Silance), and Student Perception of
Teacher Style (SPOTS). This analysis provides a way
of reducing a large array of independent (predictor)

measures to a relatively small and efficient set of inde-
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pendent variables with 1i€tle'or no loss in predictive
accuracy. |

When this regression analysis is done by the IBM

360/65 computer and tests ef significance are made, the
relative importance of eggﬁificant independent variables
are determined, ' .
The analysis of this .step was further divided into
the following: - ' \
~ a. Given all the twenty-six independent variables -
(thirteen academic, three identified for the
three instructors, and ten personal), the step~
wise regression analysis was made to identify the
subset of independent variables which contribute
significantly in predicting the growth of each
of the four dependent wvariables. '

b. Given only the thirteen academic and identifica-
tion variables,-the stepwise regression analysis
was made to identify the subsef of independent aca-
demic variables which contribute significantly in
predicting the growth on each of the four depen~
dent variables.

Ce Given the personal variables‘and the instructor
variables, the stepwise regression analysis was
made to identify the subset of independent per-
sonal variables which contribute significantly
in predicting the growth on each of the four
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. dependent variables,

d, Combining the thirteen academic variables and
the three instructor variables with ten personal
variables, thg stepwise regression analysis was
made to identify what significant contribution
would be attained by adding'tﬁe instructor varia-
bles and then thg ten personal variables to tﬁe
battery of predictors that already includes the
academic variables, This step was repeated for
each of the four dependent variables,

Items one thfbugh twenty-six listed in Appendices H
through K are considered to be the igggpendént variables.
The meaus of independent variables are 'listed in Appendix
L. Test items of SPOTS are listed in Appendix M, Appén-
dices N through Q include the correlation matrices of
all prédictors and each of the four dependent variables.

Three variables were introduced to identify the three
instructors teaghing the course., These variables were
labelled by the variables numbered fourteen, fifteen, and
sixteen for instructor #l1, instructor #2, and instructor
#3 respectively, They were quantified in the following way:

1, If the student we.e enrolled with the first

instructor, a score of one was given %o variable
fourteen and a score of zero was given to variables

fifteen and sixteen.
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+ 2, If the student were enrolled with the second °
instructor, a score of one was given to
variable fifteen and a score of zero was given
to variables fourteen and sixteen, A

3, If the student were enrolled with the third

instructor, a score of one was given to variable
sixteen and a score of zero was given to vari-
ables fourteen and fifteen,

One should be very cautious in interpreting the sig-

nificance of the three predictors associated with the three

instructors., While there are several psycholczical reasons
to believe that the instructor contributes significantly
1n_predicting student changes, it is statistically

— " difficult to attribute the results to that instructor only.

Other factors may also be involved., For example, students
enrolled with different instructors might significantly
differ on their scores on the independent variables, Also,
the three instructors lectured to three sections which
were held at 9:00 A,M,, 11:00 A,M,, and 2:00 P.M.; thus,
the time of lectureﬁ was confounded with instrucior,
Results obtained by introducing three variables assoclated
with the three instructors could have been obtained by -
using only two variables, Because of the above con-
siderations, the predictors assoclated with instructors
should not be treated with the same emphasis and implica-

tions as the other predictors.
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3, Covariance And Simple Randomized Design for
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Analyzing the Effect of Personality on student Changes

In order to test the null hypotheses set forth in
step five of the Statement of Research Hypotheses, Chapter
I, using the pretest scores on the criterion instrument as
control measures, several investigators would suggest that
the ‘analysis of covariance would be the proper analysis.
However, Feldt (1958) indicates that:

heterogeneous regression renders the covariance
technique, as it is typically applied in educational
and psychological research, somewhat invalid....If
the usual covariance model is used, the effects
would appear to be more serious than those of non-
normality and heterogeneity of variance are to an
analysis of variance. In cases of heterogeneity of
regression, the obtained -error variance would
probably overestimate the true error variance, and
thus increase the probability of retaining a false
null hypothesis (pp. 351).,

In order to decide which analysis would result in greater
precision, Feldt (1958) concludes that:

For P<.4 the factorial approach results in
approximately equal or greater precision than covar-
iance, for f)-6 the advantage is in favor of
covariance. For relatively high values of £ and
relatively small values of N, the difference in
precision is appreciable. This difference is
mainly attributable to the fact that relatively
small values of N do not permit the experimenter
to employ a sufficiently large number of levels to
exploit fully the value of the control variable.
However, the marked superiority of covariance occurs
for values of £ which are rarely encountered in
educational and psychological experiments. It may
also be noted that for l§< .2 and small values of N
neither covariance nor the factorial design yields
appreciably greater precision than a completely
randomized design (pp. 347). -



The correlation coefficients between pretests and
posttests of the four criterion measures are listed in
Table 35 on page 133; In order to test the null hypo-
theses get forth in‘step}five of the Statement of Re-~
search Hypotheses, Chapter I, with greater precision
according to the above discussion, the analysis of
covariance was used for IOUS and WGCTA; the 'completely

randomized design was used for Silance and SPOTS,

82
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CHAPTER 1V .
ANALYSIS AND INTERPRETATIONS OF RESULTS

For the purpose of this study, student changes
are measured by the differences between the postscores and
prescores on each of the four criterion variables, The
analyses will be discussed in the following order:
A, Type I Design for Student Changes
(The treatment by subject design was made for each
instructor on the subtests for which the inter-
action was significant,)
B, Stepwise regression for the problems of prediction
and correlation. . |
C. Analysis of. covariance and simple randomized
design to test the significance of six selected

|
personality and identification factors.

A, ZType I Design for Analyzing Student Changes

Tables 1 through 22 on pages 88 through 109 include
the results of pretest~-posttest analysis for the four
criterion measures and the Dogmatism Scale as they are
applied to students in this study. The results of the
analyses at the five percent level indicate the following:
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1. There is a significant increase in understanding
of science as measured by TQUS (Subscore I)
2. There 18 no significant difference in understanding
of scientists as measured by TOUS (Subscore II1)
3. There is a significant increase in understanding
of the scientific process as measured by TOUS
(subscore III)
4, There is a aignific#ht decrease in the ability to

\

draw valid inferences as-measured by WGCTA (Sub-
- - | score I) ;
5. There is a significant decrease in the ability
to recognize assumptions as meisured by WGCTA
(subscore II) -
6, There is a eignifilant decreass in the ability
to reason deductively':s measured bty WGCTA
(Subscore III)
7. There is a significant inorease in the ability
A to interpret as measured by WGCTA (Subscore IV)
¢ 8. There is a significant decrease in the ability
to evaluate arguments as measured by WGCTA
@ (Subscore V) o
9, There is significant growth in the positive
attitudes of students towards open instructional
climate as measured by SPOIS.
10, There is no significant growth In the positive
attitudes of studénts towards the physical




85

science course as meaéured by Silance.

y 11. Designating the pretest-posttest factor as A, and-
_the instructor factor as B, there is a signifi-
cant interaction (A x B) for Qggg (fotal Test,
Subtest #1), WGCTA (Subscore I), and SPOTS. Now
the conclusion that mean growth from pretest to
posttest was not identical for the three instruc-
tors can thereby be advanced,

In order to gain addit‘ronal insight into the nature

of the changes, a Treatmentxby Subject (fo §) analysis

was made of the data for each instructor. This analysis is . ,
recommended for each inetruc@or on the\subtests for which

the interaction was significant, The results presented in
Tables 14 through 22 on pages\101 through 109 ind#cate:

1, There is significant growth in understanding science
as measured by TQUS!(Total Test, Subtest #1) for
instructor #3 only.

2. There are significant decreases at the 0,05 level
in critical thinking ability as measured by WGCTA
(subtest #1) for instructors #2 and #3,

3, There are no significant differences at the 0.05
level‘in critical thinking ability as measured by
WGCTA (Subtests #1) for instructor #1.

4. There are significant differences in the attitudes

of students toward open instructional climate as

measured by SPOTS for all instructors.

i
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5. There are no significant differences in the atti-
tudes of students toward the physical science
course for instructors #2 and. #3, .

6. There is significant decrease in positive attitudes
of studehts toward the physical science course
for instructor #1, '

The siénificance of the interaction terms indicates
that mean growth from pretest to posttest is not-identical
for the three instructors. The three instructors lectured
to three sections at three different times, Thus, time of
lectures yas confounagd with instructor, ‘

The significant ﬁbsitive growth on gggg (Subtest I)
for instructor #3 can be explained in twofparts; first,. by
the large differences in amount of teaching experiences be-
tween instructor #3 and other instructors; and secondly,
by the growth scores on SPOTS which reveal that instructor
#3 has the highest open instructional climate,

The significant decrease on WGCTA could be viewed by
reviewing tkg objectives of the course on page 182,

The student would be expected to receive a positivéﬂ\

gain score if the instruction were focused %owards achiev-
\ ing the "right" anawérs. The staff of the course is

. concerned with examining how well the student can handle
his ownyviewpoint. Thus, instged of a text-book "right"
of "wrong" answer, the student is permitted to find

" his own answers; and he is also required to defend
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his position by reasonable arguments. In short, the
staff tries té move the student away from the tradition
of the single, absolute, correct answer to a problem
(to which he has been generally condi-tioaed by previous
education;) The above explana‘ ) . in agreement with
:feaults on pre-posttests on UPOTS, Silance, and T x S de-
sign,. The data on SEOTS reveals that ir;structor #3 has
the highest open instructional climate: Results on T x S
design indicate that instructor #3 has the gggatest loss
with the WGCTA, The results on Silance indiéate that
while there are significant differences in the attitude of
students toward thé course enrolled with instructors #2
and #3, thé?e is significant decrease in the attitudes
of atudents enrolled with inatructor #1. Thus, the more
or :n the 1nstructional climate is, the further away the
students were 'moved from the tradition of the single,
absolute, coirect answer, and the more encouragement to
the students to find their own answers, This, consequently,
could explain the large negative growth on WGCTA, since
score én WGCTA is in agreement with the given correct
angwers, The writer buggests the need for additional
tests capable of detecting changes in student's behaviors
with little emphasis on "right" or "wrong" answers and
?major emphasis on allowing the student to defend choices

most consistent with his own view.

\

*




TABLE 1

ANALYSLS OF TOUS PRETEST - POSTTEST (TOTAL TEST)

88

sSources DF 5SS MS F- RATIO
B 2. © 9,50 4.74 0.0645
Error (B) 225, 16557.56/ 73.59 0.0
A 1. 92,16 92,16 4.,4780%
AB 2, 128,73 64.36 3,1274%
Error (A)  225. 4630.61 20.58
Total 455.  21418,56 47.07
Group PRETEST POSTTEST
means means
Instructor 1 (B1) 36.75 \ 36.55
Instructor 2 (B2) 36,71 36,91
Instructor 3 (B3) 35/90 38,1%
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TABLE 2

ANALYSIS OF TOUS PRETEST-POSTTEST (FIKST SUBTEST)

89

Sources DF SS MS F RATIO
B 2. 6,22 3,11 0.,2924
Error (B) 225, 2391,64 10,63% 0.0
A 1, 40,56 40,56 9,0519%
__AB 2. 29,21 14,61 3 ,2598%
Error (A) 225, 1008,22 4,48
Total 455, 3475,.86 7.64
Group PRETEST POSTTEST
means means
Instructor 1 (B1) 12.06 12.06
Instructor 2 (B2) 11,67 12,00
Instructor 3 (B3) 11,48 12,69




. TABLE 3
ANALYSIS OF TQUS PRETEST - POSTTEST (SECOND SUBTEST)

Sources DFF 8S MS F RATIO

B 2, 1,89 0.92 0,0961
Brror (B) 225, 2161.99 9,61 0.0
A 1. 0.14 0,14 0,0327
AB 2, 12,45 6.22 1.4519
Error '(A) 225, 964.41 4,29
Total 455, 3140,83 6,90
Group PRETEST POSTTEST
means means
Instructor 1 {B1) 12,00 - 11,61
Instrictor 2 (B2) 12,04 11,81

Instructor 3 (B3) 11.78 l2.16 ;.




TABLE 4
ANALYSIS OF TQUS PREPEST - POSTTEST (THIRD SUBTLUT)

91

sources DF uS MS F RATIO
B 2. 4,69 2.35 0.1687
Error (B) 225, 3128,.43 13,90 0.0
A 1., 17,76 17,76 4,0405%
AB 2, 5.08 2,53 0.5775
Error (A) 225, 989,16 4.40
Total 4550 4145012 90 11
Group PREPEST POSTTES
means meang
Instructor 1 (B1) 12,02 12,41
Instructor 2 (B2) 12,40 12,56
12,0% 12,68

Instructor 3 (B3)




TABLE 5

ANALYSIS OF WGCTA PRETEST -EOSTTEST (TOTAL SCORES)

92

Sources DF Ss . M F RATIO
\B 2. 249,07 - 124.53 0.8665
Error (B) 129, 18540.20 143,72 0.0
A 1. 1096.38 1096.38 30,7773%
AB 2. 176.26 88,13 2.4739
Total 263, 24657.27 93.75
Group PRETEST POSTTEST
means _ means
Instructor 1 (B1) 72.80 71.56
Instructor 2 (B2) 71.48 67.72
Instructor 3 (B3) 72.70 66.96
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PABLE 6
ANALYSIS OF WCCTA PRETEST=-POSTTEST (FIRST GULTEST)

Sources DF Ss MS F RATIO

B 2. 52,06 26,03 2,759
Error (B) 129, 1217.19 9.44 0.0 \\

A 1, 136.74 136.74 30,1786*

AB 2, 32,75 16,37 3.6134"
Error (A) 129, 584,51 4.53
Total 263, 2023,26 7.69
Group PRETEST POSTTEST

' means means

Instructor 1 (B1) 11,68 -\ 11,40
Instructor 2 (B2) 11,06 7\ 9,81
Instructor 3 (B3) 12,28 \\ 10.09




ANALYSISG OF

TABLE 7

WGCTA PRETEST=POSTTEST (GECOND SUBTRST)

94

ources DF S M5 F RATIO
B 2, 3,19 1.60 0.1896
- Error (B) 129, 1086,21 8,42 0.0
A 1, 50,09 50,09 15.4791%
AB 2. 1.93 0,96 0.2975
Error (A) 129, 417.48 3,24
Total ‘ 263, 1558,91 5.93
Group PRETEST POSTTEST
nmeans means
. Instruetor 1 (B1) 12,961\ 11.92
Instructor 2 (B2) 12,89 12,22
Instructor 3 (B3) 12.81 11.81




TABLE - 8
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ANALYSIS OF WGCTA PRETEST-POSTTEST (THIRD GUBTEST)

Sources DF S5 MS F RATIO
"B 2. 31.74 15,87 1,1309
Error (B) 129, 1810,09 14,03 0,0
AB 2. 9,17 4,59 0.883%5
Error (A) 129, 669,66 5.19
Total 2630 2702 033 10.28 i} }
Group PRETEST ' POSTTEST
means means
Instructor 1 (B1) 20,60 19,44
Instructor 2 (B2) 19,80 18,33
Instructor 3 (B3) 20,32 18,23
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TABLE 9
ANALYSIS OF WGCTA PRETEST-POSTTEST (FOURTH SUBTEST)
Sources DF SS MS P RATIO
B 2. 23,18 11,59 00,7527
Erroxr (B) 129, 1986,57 15,40 0.0
A 1, 24,24 24,24 3,9836 *
AB 2. 0.72 0,36 0.0590
Error (A) 129, 785,04 6,09
Total 263, 2819,76 10,72
Group PRETEST POSTTEST
means means
|
Instructor 1. (B1) 16,92 17.72
Instructor 2 (B2) 16,94 17.56
Instructor 3 (B3) 16,42 16,92
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TABLE 10
ANALYSIS OF WGCTA PRETEST-POSTTEST (FIFTH SUBTEST )
Sources by 58 MG P RATIO
B 2. 11,35 5.68 1.0755
Error (B) .129, 680,68 5,27 0.0 .
A 1, 33.47 33.47 8,.6866%
Error (A) 129, 497,04 3.85
Total 263, 1243,03 4,73
Group PRETEST POSTTEST
means means
Instructor 1 (B1) 10.64 11,08
Instructor 2 (B2) 10.80 9,80
Instructor 3 (B3) 10,87 9,91




TABLE 11
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ANALYSIS OF SILANCE PRETEST - POSTTEST (TOTAL SCORES)

Sources DF 88 MS F RATIO

B 2. 2.14 1,07 0.4626
Error (B)  216. 498.43 2.31 0.0

A 1, 0.13 0.13 0,0825

AB T 2. 6.11 3,05 1,9619
Error (A) 216. 336.32 loSG
Total 437. 843.13 1393
Group PRETEST POSTTEST

means means

Instructor i (B1) 7.3639 6.7972
Instructor 2 (B2) - 6.8742 6.9505
Instructor 3 (B3) 6.8478 £.9122,




TABLE 12
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ANALYSIS OF uruls PRETEST - POSTPEST (TOTAL SCORES)

Sources |  DF SS MS F RATIO
B 2, 1266,24 633.12 1.8005
Error (B) 218, 76657.97 351.64 0.0
A 1. 160208,65 160208.65 537.9884 %
AB 2. 6710.19 3355.09 11,2666 *
. Error (A) 218, 64918.66 297.79
Group PRETEST POSTTEST
\means means
Instructor 1 (B1) 98.25 112.53
Instructor 2 (B2) 85,44 120,91
Instructor 3 (B3) 76,51 122.62
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TABLE 15

ANALYSIS OF DOGMATISM PRLTLST - POSTTEST (TOTAL 5CORE)

Sources DF SX MS F RATIO
\ .
B 2. 876.50 438,25 0.4230
Error (B) 180, 186481.73 1036,01 0.0
A 1. 0.04 0.0 0.0
AB 2. 178,65 89,33 0,3100
Error (A) 180, 51872.31 288,18
Group PRETEST POSTTEST
means means
Instructor 1 (B1) 135,29 132,74
Instructor 2 (B2) 134.81 134,60
Instructor 3 (B3) 136,94 138,45

P2
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SUMMARY OF PRETEST-POSTTEST RESULTS FOR TOUS

TEST Total First Second Third
Teat Subtest Subtest Subtest
TOTAL ¥ 4.48% 9.05% 0.03 4.04%
TEST
36,40 11.68 11,93 12,18
Pre -
X 37.30 12,28 11,90 12,57
Post . )
&natruc. F 0,03 0,00 0.78 1.C5
#1 )
X 36,73 12,06 12,00 12,02
Pre .
X %6455 12,06 11,61 12,41
Post
#hstruc. F 0.091 1,19 0.55 0.23
2 ,
b¢ 36,71 11,67 12,04 12,40
Pre
X 36,91 12,00 11,81 12,56
Post
#nstruc. F 12.69% 16.,77* 1.69 4.17%
3
X 35.90 11.48 11,78 12,05
Pre
X 38,13 12,69 12,16 12,68

Post
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TABLE 21
' SUMMARY OF PRETEST-POSTTEST RESULTS FOR WGCTA

TEST Total First Second Third Fourth Fifth
Test Subtest Subtest Subtest Subtest Subtest

TOTAL F  30,78%30,18% 15.48% 34.,99% 3,98% 8,69%
TEST -

X
Pre 72.20%11.67 12,87 20,16 16,75 10.80

X
Post68,10 10,23 12,00 18,50 17.33 10.08

#nﬂtmc. F 0.63 0,22 3.51 5.26* 1.88 1029
1

Pre 72.80 11,68 12,96 20,60 16,92 10.64

X
Post71,56 11,40 11.92 19.44 17.72 11.08

;nstruc. F 8.75% 8,35% 3,38  8,17%* 1.69  7.82%
2 . .
X

Pre 71.50 11,10 12.9¢ 19.80 16.94 10.80

X
Post67.70 9.80 12,20 18,30 17.56  9.80

Instruc. F  29.17%30.84% 10.06% 27.65% .98  4,74%
#3 v

Pre 72.70 12.30 12.81 20.32 16.42 10,87

X 0
Post66.96 10,10 11.81 18.23 16.92  9.91
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B, Multiple Regression Analysis for Predicting

Student Changes

Appendices N'through P include the correlgtion
matrices of the twenty-six variables for each of the four
dependeﬁt variables, Tables 23 through 34 on pages 118
through 129 summarize the results of the steg@iqe re-
gression analyses for the four criterion measures, There
is negative correlation between the TOUS dependent vari-
able growth scores and dogmatism (cf, Appenﬁix ﬁ). The
apparent trend of negative correlations betweén the in-
dependent variables (e.g., college physics, college
biology, and high school mathematics) wiéh the TOUS and
Silance tests as the criterion measures/was unexpected. An
explanation of such negative trends could be explained by the
probable fact that these subjects were taught in a 'tradi-
tional' way which led to the development of negative atti-
tudes toward the physical science course. It is not surpri-
sing, as the writer proposed earlier, to find a?negatife
relationship between dogmatism and several academic indepen-
dent variables., These variables include science and £nglish
scores on ACT, and high school Biology.

For the TQUS test the set of all the twenty-six pre-
dictors accounted for 15,42% of tha variance, The academic
variables, the tﬁree instructors, and the ten perFonal

rredictors accounted for 5.48%, 6,01%, and 3,93% of the

Ve
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variance respectively, In other words, when this
contribution of all 7wenty-six variables is considered to
be 100%, the academié variables, the instructors, and
the personal vafiables'accounted for 35,58%, 38,93%%, and
25,49% of the total contribution respectively,
The following set of five bredictors was found to be
significant in increasing R square at the 0,05 level:
1, Instructor #3,
2, Intellectual efficiency,
3. College classification,
4. Instructor #1.
5. Sex,
This set of five predictors accounted for 76.2% of the
total contribut;on using all the twenty-six independent
variables, Predictors related to instructors in the abéve
set should not be treated with the same implications as
the others,
A student with the following characteristics is most
likely to achieve a positive gain on TQoUS,
1. Enrollment with Instructor #3 and avoiding enroll-
ment with Instructor #1.

2, High score on Intellectual Efficiency subtest of
CP1.

3, Freshman or Sophomore standing,

4, Female,
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It is a surprise to see that high school and college
science and mathematics backgrounds were not found to be
significant in predicting growth scores on gggg. It is
interesting to see that intellectual efficiency as a factor
is more important in predicting student change as
measured by TOUS than college and high school backgrounds
in science and mathematics,

For the WGCTA test the set of all the twenty-six
/predictors accounted for 18,42% of the variance, The
academic predictors, the three instructors, and the ten
personal predicto;s accounted for 10,55%, 1.19%, and 6.68%
of the variance respectively. In other words, when the .
total contribution of all the twenty-six variables is con-
sidered to be 100%, academic variables, the three instruc=-
tors, and perébnal predictors accounted for 57.28%, 6.46%, -
and 36.26% of the total contribution respectively.

The following set of four predicto;s was found to
be significant in increasing R square at the O.dé level:

1. Coﬁpletion of college physics,

2. Instructor #1.

3. Tolerance,

4, Responsibility.

This set of four predictors accounted for 49,.8% of

the total contribution using all the twenty-six independent
variables, Again, the predictors related to instructors

in the above set should be treated with some caution.

M
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It is interesting to note that ‘two personal predictors in
addition to Instructor #1 were among this set of four
significant predictors, High school and college back-
grounds appeared to be insignificant in predicting science
and mathematics with the exception of college physics as
measured by the growth scores on !QQEA;

A student with the following cheracteristice is most
likely to suffer large logs as measured by'ﬁgggg:

1, Little or no college physics,

2. Enrollment with instructors other than Instructor

#1. |

3. High score on the Tolerance subtest of CPI.

of CPL.

<
For the Silance test the set of all the twenty-six

4, Low score on the Responsibility subtest

predictors accounted for 11.83% of the variance. When
the total contribution for all the twenty-six variables is
considered4¥o be 100%, the thirteen academic factors, the
three instructors, and the personal variables accounted
for 57.82%, 18.25%, and 23,92% of the total contribution
respectively, “

The following set of three variables was found to be
significant in increasing R square at the 0,05 level.

4. Course selected to fulfill a requirement or as

an elective,

2. Instructor #1.

3, Completion of college physics,

.
-
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This set of three predictors accounted for 7.16% of
the total variance or 60.,5% of the total contribution using
all the twenty-six indepeﬁdent variables., Predictors re-

/
lated to instructors in the above set shcald not be

_ treated with'the same implications as the others.

A sth@nt\witQ_the following.characteriatics-is |
most likely to achieve positive growth on Silance: ;
1, Taking the physical science course on an elective;
basis, |

2, Avoiding enroiiment with Instructor #1.

3 Completi&n of 1ittle or no college physics, I
The negative relationship between taking college physicé \
and gaining in the attitude of students towards the bhysical.
science course might be explained by arguing that college
physics wasrtaught in a 'traditional! way which lgd‘to the
development of negative attitudes toward physical sci-
ence courses. It was expected, of course, that taking the

course on an elective basis would be the most significant pre-

. dictor in determining positive sfudent attitudes toward the

course under consideration,

For the SPOTS test the set of all the twenty-six
independent variables accounted for 22.0%’of the variance.
The thirteen academic variables, the three instmociczs,
and the ten personal variables accounted for £.37%, 10.82%,

and 5.81% of the variance respectively. In other words,
when }he total con&ribution of all the twenty-six
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variégles is considered to be 100%, the academic variables,

the three instructors, and the ten personal variables

accounted for 24,41%, 49.18%, and 26.41% of the total

contribution respectively.

The following set of eight variables was found to be

significant in increasing R square at the .05 level.

1,
2,
3.
4.
5.
6.
7.
8.

Instructor #3.

Instructor #1.

Completion of college physics.
Sex,

Dogmatism.

Flexibility,

Self-presence.

Achievement via conformance,

iiis set of eight factors accounted for 19.48% of the

total variance or 88.5% of the total contribution, using

all the twenty-six independent variables, As previoucly,

predictors related to instructors should not be, treated

with same implications as the others. . It is interesting

to note that college physics and sex are the only signi-

ficant factors among the thirtee¢- academic variables.

A student with the following characteristics is most

likely to achieve positive growth on SPOTS:

1,

Enrollment with Instructor #3 and avoidance of
enrollment with Instructor #1.

2. C&ﬁpletion of college phy:tics.,

s
,

"
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-3. Female.
4, Dogmatic,
5. Flexible,
6, High score on Self Presence subtestAof CPI.
7. High score on Achievemént via conformance subtest
of CPI. ‘ \
Variables found to be insignificant for the four depen-
dent variables at the five percent level were: |
1. The numbe: f units of high school ﬁathematics.
. 2. The number .f semesters of college mathematics.
‘ 3, e number of units of high school biology.
4, The number of units of coliége biology.
5. The puﬁber of units of high school physics,
6., High school rank,
7. Cabacity for status.
8. Achievement via independence. |
9, Achievement via conformity.
10. Mathematics scores on ACT,
11. English scores on ACT,
12, Science scores on ACT,
13. Self-Acceptance.
In the prediction of WGCTA, TOUS, Silance, and _SPOIS
growth scores in this study, only 5.48%, 10.55%, 6.84%, .
' and 5.37% reapectively of ‘the variances were accounted for
by a selected ttraditional' set of thirteen academic

. variables. These figures are equivalent to 35.5%, 57.28%,
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57.82%, and 24.,41% respectively of the total contribution
obtained by using all the twenty-six variables, These
'small'! percentages suggest that there should be addi-
tional predictors to those selected and identified as aca-
demic factors., The existence of the effect of several per-
sonal variables in predicting the scores on the four criter-
ion measures implies that there are abilities which are .
significant in predicting the results of academic endeavor
other than those measured by standardized achievement and
intelligence tests, College physics appeared to be a sig-
nif¥cant predictor for WGCTA, Silance, and SPOTS, Table

32 on page 127 summarizes the significaﬁt factors in pre-
dicting instructional outcomes as measured by the growth

scores on TOUS, WGCTA, Silance, and SPOTS, The 0,05 level

of significance was chosen for all analyses,

Allowing all the twenty-six predictors to enter free-
ly in the stepwise program, academic variables - namely,
high school courses in physics, biology, and mathematiéa;
college courses i mathematics and biology; and scores on
ACT - were not among the significant predictors or any of
the four criteria, At the same time, personal predictors -
namely, intellectual efficiency for predicting growth
scores on TQOUS; tolerance and responsibility for predicting
growth scores on WGCTA; dogmatism, fiexibility, and achieve-
ment via'conformity, for predicting growth scores on SFOTS -

were among the significant predictors,



TABLE 23 /
SUMMARY OF STEPWISE REGRESSION FOR TOUS GROWTH SCORES
STEP #1 ~ ALL VARTABLES INCLgbﬁD

')
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Step # Variable Multiple Increase F Value
R; RSQ In RSQ

1 INS™3 27  0,2073 0,0430 0,0430  9,0233*
2 IEFFCN 18 ' 0,2654 0,0704 0.0274 5,9058*
3 CLASSF 8, 0,3002 0,0901 0,0197 4,%108*
4 INSTOL 25  0.3220 0.1037 0.0136 2.9965*
5 SEX-MF 13  0,3427 0,1175 0,0128 3.0774*
6 HS RAN 1 0,3528 0.,1245 0,0070 1.5620
7 CSTATS 23  0.3582 0,1283 0.0039 0.8668
8 C PHY 2  0.3625 0.1314 0,003 2.6887
9 SPRSNC 22 0.%666 0.,1344 0,0030 0.6636
10 RESPON 20 0.3718 0.1382 0,0038 0.8496
1" H MATH 5 0.3754 v.1409 0,0027 0.,6090
12 SACCEP 21 0.3780 0,1429 0,0019 0.4300
13 TOLRNC 16  0,3814 0,1455 0,0026 0.5698
14 AVINDP 17 0.3856 0,1487 0,0032 0.7167
15 HPHYS 3  0.3873 0.15000 0,0013 0,2820
16 ¢ BIOL 10 0,3886 0,1510 0,0011 0.2329

7 RE ELVv 9  0.3898 0,1519 0.0009 0.1964
18 FLEXBT 15  0.3%910 0.1529 0.0009 0,2009
19 DGMTSM 14  0,3916 0,1533 0.0005 0.0973
20 EN ACT 12 0.3921 0,1537 0,0004 0.0840
21 H BIOL 11  0,3925 0,1540 0,0003 0.0665
22 SC ACT 6 0,3926 0.,1542 0,0001 0,0293
23 MT ACT 7  0,3927 0,1542 0,0000 0,0089
24 AVCONF 19 0.3927 0.,1542 0,0000 0.0030
25 C MATH 4  0.3927 0,1542 0,0000 0,0028
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TABLY 24
SUMMARY OF STEPWISE RPGRECSION FOR TOUS GROWTH TOTAL SCORE
STEP //2 = FORC™ & ACADEMIC AND INSTRUCTOR VARIABLES

Step # variabd’ Multiple .Increase F Value
R RSQ  In RSQ

1 SEX-MF 13 0,1639  0,0269 ' 0,0269 5.5485 *
2 CLASSF 8 0,1871  0,0350 0,0081 1.6857
3 HMATH 5 0,2098  0,0440 0,0090 1.8752
4 HS RAN 1 0,2190 0,0479 0.0039 0.8202
5 RE ELV 9 0,2264  0,0513 0,0033 0.6855
6 H PHYS 3 0,2295  0,0527 0,0014 0.2961
7 EN ACT 12 0.2324  0,0540 0,0013 0.2730
8 MP ACT 7 0.2330  0,0543 0,0003% 0.,0553
9 C PHY 2 0.2333  0,0544 0,0001 0,0280
10 C MATH 4 0,2338  0,0547 0,0003% 0,053%7
11 H BIOL 11 0.2339  0,0547 0,0001 0,0105
12 < C BIOL 10 \0.2340  0,0548  0,0000 0.0077
13 SC ACT 6 1Q¢234o 0.0548  0,0000 0,0007
14 _.INSTO3 27 10,3132  0,0981  0,0433 9.0261*
15 INSTOl 25 0,3389  0,1149 0,0168 3,5474 %
16 IEFFCN 18 0,3655  0.1336  0,0187 4,0230*
17 CSTATS 23 0,3707 0,1%7% 0,0039 0,8261
18 SPRSNC 22 0,3754  0,1409 0,0035 0.7454
19 RESPON 20 .0,3794  0,1439 0,0030 0.6368
20 SACCEP 21 0.3830  0,1467 0,0028 0.5948
21 TOLRNC 16 0.3862  0,1491 0,0024 0.5190
22 AVINDP 17 0.3911  0,1530 0,0038 0.8173
23 FLEXBT 15 0.3921  0,1537 0,0007 0.1526
24 DGMTSM 14 0.3927  0,1542 0,0005 0,1060

AVCONF 19 0,3927 0.1542 0,0000 0.0032

N
wm




- 120

TABLE 25
SUMMARY OF STEPWISE REGRESSION FOR WGCTA GROWTH SCORES
STEP /1 - ALL VARIABLES INCLUDED

Step / Variable  Multiple Increase F Value
R RSQ In RSQ -

1 C PHY 2 0.,1753 0.0%307 0,0307 3,2651 *

2 INSTO1 25 0.,2350 0,0552 0,0245 2.6426 *

3 TOLRNC 16 0,2666 0,0711 0.0159 1.7275 *

4 RESPON 20 0,30%2 0,0919 0,0208 2,2925 *
5 MT ACT 7 0.33%28 0,1107 0,0188 2.,0965
6 INSTO2 26 0.3471 0.1204 0,0097 1,0811
7 HS RAN 1 0.3590 0.,1289 0,0085 0,9419
8 C MATH 4 0,3%692 0.1%63 0,0074 0.8271
9 H MATH 5 0,3805 0.1447 0,0084 0.9%30
10 AVINDP 17 0.3878 0.1504  0,0057 0.6262
11 FLEXBT 15 0,4003 0.1602 0,0098 1,0886
12 C BIOL 10 0,4055 0.1644 0,0042 0.4590
13 SC ACT 6 0,.4110 0.1689 0,0045 0.4921
14 SPRSNC 22 0.4140 0.1714 0,0025 0.2760
15 CSTATS 23 0.4188 0.1754 0,0039 0.4235
16 CLASSF 8 0.4210 0.1773 0,0019 0,2023
17 DGMTSM 14 0,4234 0.1793 00,0020 0.2125
18 SACCEP 21  0.4255 0,1810 0,0018  0.1858
, 19 SEX-MF 13 0,4270 0.,1823 0,0013 ~ 0,1716
20 AVCONF 19 0.4280 0.,1832 0,0009 0.0901
21 H PHYS 3 0.4288 0,1839 0,0007 0,0749
22 IEFFCN 18  0.4291 0.,1842 ©,0003 0,0262
23 RE ELV 9 0.4292 0.1842 0,0000 0.0041
24 H BIOL 11 0.4292 0.,1842 0,0000 0,0015

25 EN ACT 12 0.,4292 0.1842 0,0000 0.,0014

A
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TABLE 26
SbMM.ARY OF STEPWISE REGRESSION FOR WGCTA GROWTH TOTAL SCORE
STEP #2 -~ FORCING ACADEMIC AND INSTRUCTOR VARIABLES

Step # Variable Multiple Increase I' Value
R RSQ In RS0
1 C PHY 2 0,1753  0.0307 0,0307 % ,2651 %
2 MP ACT 7 0.2182 00,0476 0,0169 1,8094
3 HG RAN 1 0,2521  0,0636 0,0159 1.7184
4 C MATH 4 0.,2730  0,0745 0,0110 1.1873
5 HMATH 5 0,2895  0,0838 0,0093 1,0014
6 CLASSF 9 0,3102  0,0962 0,0124 1.3443
7 Cc BIOL 10 0,3181  0,1012 0,0050 0.5364
8 SEX-MF 13 0,3228  0,1042 0,0030 0,3218
9 SC ACT 6 0,3240  0,1050 0,0008 0.,0856
10 EN ACT 12 0.3247  0,1054 0,0004 0.0466
11 H PHYS 3 0.3247  0,1054 0,0000 0.0015
12 H BIOL 11 0.3247  0,1055 0,0000 0,0010
13 RE ELV 9 0.3247  0,1055 0,0000 0,0002
14 INSTO1 25 0,3408  0,1162 0,0107 1,0898
15 INSTO2 26 0,3427  0,1174 0,0013 0,1289
16 TOLRNC 16 0,3787  0.1434 0,0259 2.,6658%
17 RESPON 20 0,3966  0,1573  0,0139 1.4322
18 AVINDP 17 0.4047  0.1638 0.0065 0.6726
1 FLEXBT 15 0.4177  0,1745 0,0107 1,0981
20 DGMTSM 14 0.4209  0,1772  0.0027 0.2765
21 SPRSNC 22 0,4235  0,1793 0,0022 0.2190
22 CSTATS 23 0,4269  0,1822 0,0029 0.2876
23 SACCEP 21 0,4279  0,1831  0,0009 0.0901
24 AVCONF 19 0.4290  0,1840 0,0009 0.0874
25 IEFFCN 18 0.4292  0.1842 0,0002 0.0229

4ol
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TABLE 27 .
SUMMARY OF STEPWISE REGRESSION FOR SILANCE GROWTH SCORES
STEP #1 - ALL VARIABLES INCLUDED

Step #  Variable Multiple Increase F Value
- R RSQ In RSQ
1 RE ELV 9 0,1805  0,0326 0,0326 5,62%2%
2 INSTO1 25 0,2%97  0,0575 0,0249 4,3825*
3 C PHY 2 0,2676 0,0716 0.0142 2,5178*
4 HMATH 5 0,2760  0,0762 0,0046 0.8123
5 / H PHYS 3 0,2871  0,0825 0,0063 1,1159
6 | IEFFCN 18 0.2927 0,0856 0,0032 0.5659
7 | TOLRNC 16 0,3018  0,0911 0,0054 0.9580
8 MT ACT 7 0,3065  0,0939 0,0029 0.5106
9 RESPON 20 0,3123  0,0975 0,0036 0.6311
10 FLEXBT 15 0.3176  0,1009 0,0033 0.5842
" EN ACT 12 0.3236  0,1047 0,0039 0,6812
12 DGMTSM 14 0,328l 0,1076  0,0029 0.5074
13 C BIOL 10 0,3323  0,1104 . 0,0028 0.4858
14 AVCONF 19 0,3343  0,1118 0.0013 0,2319
15 SACCEP 21 0.3366  0,1133 0,0015 0.2612
16 CLASSF 8 0,3387  0,1147 0,0014 0,2424
17 SC ACT 6 0.3405  0,1159 0,0012 0,2087
18 H BIOL 11 0.3415  0,1166 0,0007 0,1236
19 CSTATS 23 0,3422  0,1171 0,0004 0.0730
20 HS RAN 1 0.3428  0,1175 0,0005 0,0766
21 SEX-MF 13 0,3436  0,1181 0,0005 0,0900
22 C MATH 4 0,3438 ° 0,1182 0,0001 0,0205
23 AVINDP 17 0.3439  0,1182 0,0001 0,0089
24 INSTO2 26 0.3439  0,1183 0,0001 0,0083
25 SPRSNC 22 0,3440  0,1183 0,0000 0,0018
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\ TABLIs 28
OUMMARY OF STEPWISE REGHRESSION FOR SILANCE GROWTH TOTAL
SCORE STEP /2 - FORCING ACADEMIC AND INSTRUCTOR VARIABLES

Step # Variable Multiple " Increase F Value -
R RSQ In RSQ
1 REELV 9 0,1805  0,0326 0.,0326  5.6232%
2 C PHY 2  0,2148  0,0461 0,0136 2.3588%
3 HMATH 5 0,2280 0,0520 0,0058 1.0159
4 ‘H PHYS 30,2457 0.,0604 0,0084 1.4699
5 EN ACT 12  0.,2503  0.0627 0,0023 0.3946 .
6 CLASSF 8  0,2527  0,0638 0,0012 0.2064
7 C BIOL 10  0,2578  0,0665 0,0026 0.4538
8 MT ACT 7  0,2593 0.0672 0,0008 0.1308
9 SEX-MF 13  0,2599  0,0675 0,0003 0.0478
10 SC ACT 6 0,2608 0.0680 0,0005 0,0815
] 11 HS RAN 1  0,2612 0,0682 0,0002 0.0405
12 H BIOL 11  '0,2614 0.0683 0,0001 . 0,0121
13 CMATH 4 0,265 0,0684 0,0001 0.0094
14 INSTOL 25 0,2996 0,0898 0,0214 3,6219*
15 INSTO2 26  0,3000 0,0900 0,0002 0.0381
16 RESPON 20  0,%3087 0,0953 0,0053 0.8849
17 FLEXBT 15 0,3172  0,1006 0,0053 0.8948
18 TOLRNC 16  0,3262  0,1064 0,0058 0.9712
19 IEFFCN 18  0,3316 0,1099 0,0036  0,5943
20 DGMTSM 14  0,3362  0,1130 0,0031 0.5109
21 AVCONF 19  0.3395  0,1152 0,0022 0.3717
22 SACCEP 21~ 0,3430  0,1176 0,0024 0.3958
23 CSTATS 23  0,3439  0,1182  0,0006 0.1014
24 AVINDP 17 0,3439  0,1183 0,000l 0.0084
25 SPRSNC 22  0,3440 0,118% 0,0000 ~ 0,0018
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TABLE 29 \\\
SUMMARY OF STEPWISE REGRESSION FOR \SPOTS GROWTH SCORES
STEP A1 - ALL: VARIABLES INCLUDED

3

Step # Variable Multiple Yncrease F Value
R RSQ In RSQ
1 INSTO3 27 0.2987 0,0892 16,6508%
2 INSTOL 25  0,3268  0.1068 33,3287
3 C PHY 2  0,3484 0,1214 2,7830%
4 SEX-MF 13  0,3724  0.1387 3.,3611%
5 DGMTSM 14  0.3859  0,1489 1,9955*
6 FLEXBT 15 0.4030 0.1624 2,6632*%
7 CSTATS 23  0,4128  0,1704 1.5689*
8 SPRSNC 22  0,4312  0,1859 3,1129*
\ 9 AVCONF 19  0.4414  0,1948 1,7681*%
10 H BIOL 11  0.4509  0,2033 0.0085 '1.7180
11 HMATH 5 0.,4551 0.,2071 0,0038  0,7720
12 HPHYS 3  0.4590  0,2107 0.,0035  0.7116
13- SACCEP 21 0.4628 0.2142 0,0035 0,6999
14 HS RAN 1  0.4654 0,2166 0,0024  0.4858
15 EN ACT 12 - 0.,4662  0,2173 0,0007  0,1495
16 RESPON 20  0,4672  0,2182 0,0009  0,1788
17 RE ELV 9  0.4683  0,2135 0,0011  0,2094
18 IEFFCN 18  0,4687  0,2197 0,0004 0,0780
19 CLASSF 8  0,4689  0,2198 0.0002  0.0295
20 SC ACT 6  0,4689  0,2199 0,0000 0.0064
21 MP ACT 7  0.,4690 0,2200 0,0001  0,0155
22 C BIOL 10  0,4690° 0,2200 0,0000 0,0039
23 TOLRNC 16  0.4690  0,2200 0,0000  0,0018
24 AVINDP 17  0,4690  0,2200 0.0000  0,0004

C MATH 4 0,4690 0,2200 00,0000 0,0001

I N
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TABLE 30
SUMMARY OF STEPWISE REGRESSION FOR SPOTS GROWTH TOTAL 3CORE
STEP #2 - FORCING ACADEMIC AND INSTRUCTOR VARIABLES

Step # Variable Multiple Increase F Value
R RSQ In RSQ .
1 H BIOL 11 0.1294 0,0167 0,0167 2,8929*%
2 SEX-MF 13 0.,1654 0.0274 0.0106 1.8487%
3 C PHY 2 0,1947 0.0379 0,0105 1,840%*
4 HS RAN 1 0,2205 0,0486 ".0107 1.8793%
5 H MATH 5 0.2221 0.0493  0,0007 0.1266
6 MT ACT 7 C.2254 0,0508 0,0015 0.2546
7 SC ACT 6  0,2284 0.0522 0,0014 0.2368
8 H PHYS 3 0,2302 0,0530 0,0008 0.1402
9 C MATH 4 0.2306 0,0532 0,0002 0.0311
10 CLASSF 8 0.2310 0.0534 0,0002 0,0329
1 C BIOL 10 0.2315 0,0536 0,0002 0.0352
12 RE ELV 9 0.2317 0.0537 0,0001 0.,0170
13 EN ACT 12 C.2317 0.0537 0,0000 0,0027
14 INSTO3 27 0.3759 0,1413 0.0876 16.,0245*%
15 INSTO1 25 0.,4023 0.1619 0,.0206 3,8260*
16 DGMTSM 14 0.4134 0.1709 0.0090 1.6808
17 FLEXBT 15 0,4266 0.1820 0,0111 2.0902*
18 CSTATS 23 0.4347 0.1889 0.0070 1.3138
19 SPRSNC 22 0.4505 0,2030 0,0140 2.6749
20 AVCONF 19  0,4621  0,2136 0.0106 2,0342*
21 SACCEP 21 0.4671 0.,2182 0,0046 0.8845
22 RESPON 20  0.4685  0,2195 0,0013 0.2540
23 IEFFCN 18 o.462¥ 0,2200 0.0005 0,0897
24 TOLRNC 16 0.4690 0,2200. 0.0000 0,0018
25 AVINDP 17 0.4690 0.,2200 0.0000 0,0004
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TABLE 31
ANALYSIS OF VARIANCE FOR
ALL INDEPENDENT VARIABLES AMONG INSTRUCTORS

Source VAR, MS F Source VAR, _MS r
G HS RAN1 311.7 2.0 ¢  EN ACT 12 0.9 0.1
W 159.7 W 10.8
G C PHY 2 8.5 1.4 G  SEX-MF 13 0.2 0.8
¢ H PHYS 3 2.3 G DGMTSM 14 315.3 0.6
W .5 W C 52101,

G CMATE 4 49.2 1.8 ¢  FLEXBT 15 15.9 1.3
W 27.4 W 12.6
¢ HMATHS5 0.9 1.2 ¢  TOLRNC 16 40.1 1.9
W 0.7 W 21.6
G SCACT6 6.6 0.4 G  AVINDP 17 8.2 0.6
w f 18.2 w 1403
G MP ACT 7 31.8 1.4 ¢  TIEFFCN 18 10.5 0.3
W 22.0 W 31.7
G CIASSF8 0.0 0.2 G  AVCON? 19 0.5 0.1
W 0.1 W 21.7
¢ REEW9 0.1 0.7 G  RESPON 20 2.0 -0.1
. 0.2 W 19.4
¢ CBIOL10 5.0 0.4 G SACCEP 21 5.8 0.4
W 11.5 W 15.5
¢ HBIOL1l 0.1 0.3 G  SPRSNC 22 42.1 1.4
W 0.2 W 30.2
¢ G  CSTATS 23 7.0 0.5
"] W 14.3
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TABLE 32 -
~ SUMMARY OF SIGNIFICANT FACTORS IN
STEPVISE REGRESSION FOR SILANCE, SPOTS, IOUS, AND WGCTA

Step # Variable Multiple - Increase F Value
R RSQ In RSQ

For SILANCE

1 RE ELV 9 0,1£05% v0.0326 0.0326 5.6232
2 INSTOl 25 0.2397  0.0575 0.0249 4.3825
3 C PHY 2 0.,2676 0.,0716 0,0142 2.5178
Por SATIC
_ 1 INSTO3 27 0.2987  0,0892 0,0892 16.6508
2 5;INST01 25 0.3268 0.1068 0.0176 3.3287
3 C PHY 2 0.3484  0.1214 0,0146 2.7830
2 SEX-MF 13 0.3724  0.1387 0.0173 3.3611
5 DGMTSM 14 0.3859  0.1489 0,0102 1.9955
6 FLEXBT 15 0.4030 0.1624 0,0135 2.,6632
7 SPRSNC 22 0,4312 0.1859 0,0156 3.1139
8 AVCONF 19‘ 9.4414 0.1948 0,0039 1.7881
Por TOUS \ |
1 INST03 27 0.2073  0.0430 0,0430 9.0233
2 IEFFCN 18! 0.2654 0,0704 0,0274 5.9058
3 CLASSF 8 0,3002 0.0901 0.0197 4,3108
4 ‘INSTO1 25 ,0.3220 0.1037 0.0136 2.,9965
5 SEX=MF 13 0.,3427 0.1175% 9.0138 3,0774
Por WGCTA
1 C PHY 2 0.1753  0.0307 0.0307 3,2651
2 INSTOl 25 0,2350 0.0552 0,0245 2.6426
3 TOLRNC 16 0,2666 0.0711 0,0159 1.7275
4 RESPON 20 0,.3032 0.,0919 0,0208 2.2925
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Studen}s had the option of selecting any one of the
the three insfructors. The resuits on Table 31 indicate
that there are no significant initial differences among
studenés enrolled with the three instructors on all inde-
pendent vari;%Qes. Type one analysis also indicates that
the mean growth from pretest to posttest was not identical

for the three instructors,

C., Covariance and Simple Randomized Design for Analyzing
the Ef. ect of Personality on Student Changes

The results for the analyses or covariance for TOUS
and WGCTA are presented in Tables 36 through 47 on pages
134 through 145, The results of completely randomizcd
design for Silance and SPOTS are presented in Tables 48
through 52 on pages 146 through 150, The 0,05 level was
used to determine significant differences of adjusted means,

The results indicaté:

1, There are no significant differences on the fac~
tors of college classification and flexibility
on WGCTA, TOUS, Silance, and SPOTS.

2, There is significant difference between the

" open and closed-minded groups on TOUS only in
fa;or of the open-minded group,

3. There are significa;t differenccs between the
students takimg the course because it is required

and those taking the course on an elective




4.

The
positive
1.
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basis on WGCTA and Silance tests in favor of the

elective group.

There are no significant differences between the
students taking the course because it is re-

quired and those who are taking thc course on an
elective basis-on TQUS and _SPOTHL

There are significant differences among the three
instrucivors of the course on Z"US and LPOTL in
favor of instructor #3.

There is a significant difference between males

and females only on Silance in favor of males.
results of this study suggest the foliowing
stateﬁZnts:

There are no significant differences between males
and females on TQUS, WGCTA, and SPOTS. since, for
the students in Lngé-sample, the ACT natural science
mean scores for men and women are appro 1ately the
same,‘the results for this sample contradict the
idea among students that science courses are more
appropriate for boys than for girls.

There are no significant differences between upner-
classmen and lower-classmen on the four criterion

measures, WGCTA, TOUS, Silance, and SPOTS. Since,

for the students in this sampiég the ACT natural
science mean kcore for ireshmen and Sophomores is

lower than_the mean score for Juniors and Senior:;



by 4.67 points, the findings should encourage
students to consider the course under consideration
during the Freshman or Sophomore years.,

3. There are significant differences between the
students taking the course because it is required
and those taking it on an elective basis. The
posttest results on WGCTA and Silance tests favor
elective group. Since, for the students in this
sample, the ACT natural science mean scores for
both the required and the elective groups are
apnroximately the same, the results should be
relevant for decision-making about course
requirements and freedom for students to select
their own bhysical science courses at the Univer-

- sity of Illinois.
The summary of the covariance and simple randomized

analyses are in Table 25 on 'page 150.
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TABLE 35
CORRELATION BETWEEN PRETEST - POSTTEST
FOR INSTRUMENTS USED IN STUDY

Pl Total Group Instru,#1 Instru,#2 Instru.#7
r n P n r n r n
1. TOUS .56 311 %) 70 .59 123 .60 114
| —~—
2. WGCTA .60 132 .62 25 .58 54 .65 53
i R
3, SILANCE .19 219 - .24 %6 31 93 .14 a0

[AV]
-
=

4. SPOTS L6 220 .29 35 .18 95 1
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TABLE 36
ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE
ACCORDING TQ DOGMATISM ON TOQUS

4+

Sources DF SS SP SSY

Treatments (A) 1 458,04 581,31 737.75
Within (W) 281 11899.38  6945.15 12929.36
Total 282 12357.42 7526.46 13%667,12

Adjusted  Adjusted  Adjusted

Sources DF SSX MSY
Treatments (A) 1 207.24 207.24
Within (W) 280 8875.79 31,70
X Y Ad justed
Group Means Means Y Means
A (open) 38.09 39.28 38457
B (closed) 35.54 36,04 36,82

T Value for Adjusted Means = =-2,56 *
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TABLE 37
ANALYSIS OF COVARIANCE RESULTS ;Eﬁ TOTAL TEST SCORE
ACCORDING TO FLEXIBILITY ON TOUS
Sources DF S5 SP 55Y
Treatments (A) 1 ~198,.30 200,13 201.98
Within (W) 218 ‘ 8680,33 4832,33 963%0,25
Toial 219 8878,63 503%32.47 983%2.23
Adjusted Adjusted Ad justed
Sources DF SSX MSY
Treatments (A) 1 39.70 39,70
within (W) 2i7 6940,09 31,98
Total 218 6979,80 F =1,24
X Y Ad justed
Group Means Means Y Means
A (rigid) 36,07 37,08 37,62
B (flexible) 37,97 39,00 38,48

T Value for Ad justed Means = 1,11
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ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO REQUIRED OR ELECTIVE ON TQUE

Sources DF. SS SP SG8Y
Treatments (4) 1 0.01 -0.09 1.31
Within (W) 309 14147.38  7965.54 14456.28
Total 310 14147,38 7965.45 14457.59
Ad justed Ad justed Adjusted
Sources DF SSX MSY
Treatments (A) 1 1.41 1.42
Within (W) 308 9971.36 52,37
Total 509 9972.77 F'= 0.04
X Y Adjusted
Group Means Means Y Means
A (required) 36,64 37.74 37.74
B (elective) 36,65 37.59 37.59

T Value for Adjusted Means = -0,21
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TABLE 39
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ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE
ACCORDING TO COLLEGE CLASSIFICATION ON TOUS

Sources DF SS SP 5o
Preatments (A) 1 111,74 31,25 8.74
Within (W) 309 14035,64 7934.,20 14448.85
Total 310 14147.38  7965.45 14457.59 °
Adjusted Adjusted Adjusted
Sources DF ‘ SSX MSY
Preatments (A) 1 Y.04 9,04
Within (W) 308 9963,73 32.35
Total : 309 9972.717 F=0,28
X Y Ad justed
Group Means Means Y Means
A (lower class) 36.40 37,63 37.77
B (upper class) 38.14 58,12 37.27

T Value for Adjusted Means = -0,53

F X
k3
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TABLE 40
ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE
ACCORDING TO COURSE INSTRUCTOR ON TQUS

Sources DF SS Sp S3Y

Treatments (A) 2 118,79 -123,.62 129,43
Within (W) 308 14028,59 8089,07 14328,16
Total 310 14147,38 7965.45 14457.59

Adjusted Ad justed Adjusted

Sources DF SSX MSY
Treatments (A) 2 308,88 154,44
Within (W) 307 9663,89 31.48
Total 309 9972,77 F = 4,91%
X Y Adjusted
Group Means Means Y Means
A(Instructor #1) 37.47 36,77 36.29
B(Instructor #2) 36.88 37.51 37.38
) Cc(Instructor #3) 35,91 38,44 33,87

T Value for Adjusted Means = 1.3,2 3,0,
o1

¢
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ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO SEX ON TOUS

Sources DE SS SP S3Y
Preatments (A) 1 26,76 -39,73% 58,98
Within (W) 309 14120,62 8005,.,18 143%98,61
Total 310 14147.39 7965,45 14457.59
Adjusted Ad justed Ad justed
Sources DF SSX MSY
Treatments (A) 1 112.41 112,41
Within (W) 308 9860,3%7 32,01
Total 309 9972,77 F = 3,51
X Y Adjusteq

Group Means Means Y Means

A (male) 37.01 37,16 36.95

B (female) 36,41 38.05 38,18

T Value for Adjusted Means =

1.87




ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE
ACCORDING TO DOGMATISM ON WGCTA

140

_TABLE 42

Sources

DF S5 SP SSY

Preatments (N)

1. 1647.47 970,08 - 57l.21

Within (W) 124. 853%6.,88 5731.99 12062.00
Total 125. 10184.3%6 6702,07 1263%,21
Sources Adjusted DF Adjusted SSY Adjusted MSY

Treatments (A) 1. 19,42 9.42
Within (W) 123, T 8213.32 66.78
Total 124, 8222.75 - F=,1411
Group X Y Ad justed ‘
: Mean« Means Y Means
i
A (open) 75.91 70.28 67.93
B (closed)  68.67 66.02 68.52

T Value for.Adjusted Means = 0,3757



TABLE 43

ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO FLEXIBILITY ON WGCTA

1
1

ources DF 55 Sp 559
Treatments (A) 1 904,84 595.25 391,59
Within (W) 108 8524,21 492,45 9408,63
Total 109 9429,05 6087.71 9800,21
Ad justed Ad justed Ad justed
Sources DF SSX MSY
Treatments (A) 1 0.15 0.15
Within (W) 107 5869,64 54,86
Total 108 5869.79 F = 0.0027:
X Y Adjusted
Group Means Means Y Means
A (rigiad) 69.13 66,13 68,08
B (flexidle) 74,88 69.91 68,16

T Value for Ad,usted Means = 0,0%22
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ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST SCORE

ACCORDING TO REQUIRED OR ELECTIVE ON WGCTA

Sources DF 58 SP 5oy
Treatments (A) 1 5.97 45,55 347.44
Within (W) 130 10698,66 6963,27 12508,82
Total 131 10704,6% 7008.83 12856,27
Adjusted Ad justed Adjusted !
Sources DF SSX MSY ‘
Treatments (A) 1 290,5] 290,51
Within (W) i29 797€.47 61.84
Total 130 8267,25 F = 4,70%
X Y Adjusted
Group Means Means Y Means
A (required) 72.08 67.05 67.15
. B (elective) 72.54 70,56 70.35
T Value for Adjusted Means = 2,167*




143

; “‘

TABLE 45
ANALYSIS OF COVARIANCE RESULTS FOR OTAL TEST SCORE
ACCORDING TO CLASSIFICATION ON WGCTA

Sources DF SS $P 55Y
Treatments (A) 1 306,67 299,40 292.30
Within (W) 130 10397, 96 6709,43 12563,96
Total 131 10704.63 7008,.83 12856,27
. Adjusted ' Adjusted Adjusted
: pSources DF SSX MSY
Treatments (A) 1 32,64 32,64
Within (W) 129 8234,61 63,83
Total 130 .. 8267,26 F = 0,51
X, Y Adjusted
Group Means Means Y Means
A (Lower class) 71,61 67.55 67.94
B (upper class) 76,06 71.89 | 09,41

T Val.e for Adjusted Means = 0,72

-

;

—
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.

ANALYSIS OF COVARIANCE PESULTS FOR TOTAL TEST SCORE

ACCORDING TO INSTRUCTOR ON

z@m(

S,
— - (
Sources DF \\3? » SP S5Y
Treatments (A) "2 49,98 36.41 375,35
\ .
Within (W) 129 10654,55 6972.42 12480.92
Total 131 10704.63% 7008.8% 12856,27
. Xjusted Adjusted Adjusted
Sources DF SSX MsY
Treatments (A 2 ,10 174.
‘ reatments (A) .\\249 ¥74.55
Within (W) 128 7918,.16 61.86
Total 130 8267.26 F = 2,82
X Y / Ad justed
Group Means "leans ' Y Means
A (instructor #1) 72.80 71.56 71.18
B (inatructor #2) 71.48 67.72 68,21
C (instructor #3) 72.70 66.96 66,65

T Value for Adjusted Means

——
=

-1060, —2.40, "1010

%
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TABLE 47
ANALYSIS OF COVARIANCE RESULTS FOR TOTAL TEST ICORE
ACCORDING TO SEX ON WGCTA

Sources DF SS SP SSY

Preatments (A) 1. 10.3%6 9,65 8.99
_ Within (W) 130, 10694.27 6999,17 12847.27
Total 131, 10704,63 7008.,8% 12856,27
Adjvsted Adjusted Ad justed
Sources DF SsX MSY
Preatments (A) 1. 0.79 0.79
Within (W) 129, 8266.,46 64.08
Total 130. 8267.26 F =0,0124
X Y Ad justed
Group . Means Means Y Means
A (male) 71.81 67.76 68,03
B (female) 72.41 68.19 68.20

T Value for Adjusted Means = 0,1113

-4
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CHAPTER V
SUMMARY AND CONCLUSIONS

The main purpose of this study was to investigate
relationships between student characteristics (academic
as well as peréonal) and student changes, For the
rurpose of this study, instructional outcomes are
measured by the differences between the postscores and
prescores on each of the following four dependent
variables:

1. Test On Understanding Science (TQUS)

2, Watson-Glaser Critical Thinking Appraisal (WGCTA)

5. A Scale to Méésure Attitud Toward Any School

Subject (Silance)

4, Student Perception Of Teacher Style (SPOTS)

Twenty-six variables were selected as predictors,
These independent variables were selected as being poten-
tially significant to student critical thinking, under-
standing of science, attitude toward the physical sci-
ence course, and instructional climate, The first thir-
teen variables are identified as academic factors which

represent variables commonly used for predictive studies,
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These variables include high school and college backgrounds
in science and mathematics, and different subscores on
ACT. Three additional variables were introduced to
identify the three instructors in the course. The ten
personal variables include dogmatism and nine subscales
of CPI. The nine scales include flexibility, tolerance,
responsibility, achievement via independence, achieve-
ment via conformity, self-acceptance, social presence,
capacity for status, and intellectual efficiency.
The specific purposes of this study were:
1. To test whether the pretest and posttest mean
“scores on TOUS, WGCTA, Silance, and SPOLS are
significantly different,
2. To determine the degree of relationship of
each of the twenty-six independent variables
to each of the four dependent variables,
3. To find what increase in predictive accuracy
is attained by combining measures of the
personal and instructor variables with measures
of academic factors in predicting student
changes,
The sample used in this study consisted of 471
undergraduates enrolled in the "Thought and Structure"
course at the University of Illinois, Data were collected

during the first semester of the 1971-1972 academic year,
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results are summarized in the following three

major divisions: (a) student changes (b) prediction of

student changes,and (c) effect of personality on student

changes,

The
(pretest
students
the five

1.

2,

3

4.

A, Student Changes

following statements concerning student changes
and posttest analyses) can be made about

enrolled in the "Thought and Structure" course when
percent level of confidence is selected.

There is a significant increase in student under-
standing of science and scientific process

as measured by TOUS,

There is a significant decrease in student criti-
cal ihinking ability as measured by WGCTA (Sub-
scores I, II, III, V), )
There is a significant increase in student ability
to interpret results - an ability measured by
WGCTA (Subscore IV).

There is no significant growth in positive atti-
tude of students towards the phrysical science
course as measured by Silance.

There is a significant increase in positive atti-

tude of students towards open instructional

climate as measured by SPOTIS,
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6. There are significant interactions at the 0,05 )
level for TOUS (Total Test and Subscore 1), ‘
WGCTA (Subscore I), and SPOTS, This indicates
that the mean growth from pretest to-posttest

was not identical for the :hree instructors.

B, Prediction of Student Changes

The following statements can be made concerning predic-
tion of student changes:

1. In the prediction of the growth écores on TOUS,
WGCTA, Silance, and SPOTS only 5.48%, 10.55%,
6.84%, and 5,37% of the variajces were accounted
for by the academic'factors, The above figures
correspond to 35,5%, 57.28%, 57.82%, and 24,41%
of the total contributions to the variance using
all the twenty-six predictors in predicting the

growth scores on TOUS, WGCTA, Silance, and SPOTS
j respectively, The small contributions by the
academic factors suggest that there are other
predictors which are more significant than the
selected 'traditional'! set of thirteen variables
commonly used in the literature for predictive
studies,
2, The variables identified by the three instructors
accounted for 3%8,93%, €¢,46%, 18,25%, and 49,18%
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of the total contribution to the variance ob-

tained by using all the twenty-six independent

variables for IOUS, WGCTA, Silance. and SPOIS

respectively, .

3., The ten personal variables accounted for 25,49%,
36,26%, 23.93%, and 26,41% of the total contri-
bution to the variance obtained by using all the
twenty-six independent variables for TOUS, WGCTA,

Silance, and SPOTS respectively. Consequently, /]
- ) /
the personal variables made a significant contr

bution in predicting student change in
7

the coﬁrse under consideratio:/zé;ch/;ag original -
1y hypothesized by the investigator, . \

4, There is an apparent trend of negative.correla— w
tions between dogmatism and several independent
variables that relate to student high school and
college backgrounds in science and mathematice, |
These variables include high school biology,
science, and‘fnglish scores on ACT,

5. One would‘eipect the students judged "closed-
minded" by the Dogmatism Scale to have difficulty

in overcomiﬁg sets of beliefs and to show less 5

/
/

growth on the dependent variables, This is shown

in fable 39 in the negative correlations between

the TOUS growth scores and dogmatism,

-
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P

‘The existence of Lhe effect of several personal
predicfors in predicting the growth scoreé“on
each of the _our criterion measures implies that
there are°abi1ities which arc significant in
predi ing the resuits of academic endeavor
othe:~ than those measured bt~ standardized
achievement and intelligence tests,

College physics appeared to be a significant
factor in predicting the growth scores on WGCTA,
Silance, and SPOTS,

Xi?iables foind to be insignificant for the four
dependent variables at the 0,05 level include:
high school babkgroundé in physics, biology, and
mathematics; completion of courses in college
biology and @athematicq; science; matuematics,
and English scores on ACT; capacity for status,
achievement via indep<ndénce, achievement via
conformity, se€l“ acceptance; and high school
rant.

Allowing all the twenty-cix predictors to enéer
freely in the stepwiée_gzggpam, academic variables -
namely, high school courses in physics,'bioloéy,
and mathematics} college courses in mathematics

and biology; and scores on.ACT - were not among

/\
the significant predictors on any of the four
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criteria., At the same time. personal predictors -
nauely, intellectual efficiency for predicting
prowth scor=s on TOUS; to!=<rance ani responsibility
for predicting growth scores on WGCTA; dogmatism,
flexibility, and aéhievement via conformity for
predicting growth scores on SPOIS - were among the

aignificant predictors, /

C, Effect of rersonality Factors on Instructional Outcomes

The following statements can be made concerning the
effect of personality and identification factorston
instructional outcémes:

1. There is a significant difference between the

open and the closed-minded groups only on growth =

measured by the TOUS test. The open-minded group

)
t
t
)
!

scored 8  _nificantly higher than thé cldéeé;
minded group,

2. There are no significant differences when ébllege
classification and flexibility are conside*é&\with
growth scores of WGCTA, TOUS, Silance, and SPOTS.

3, There are significant differences on adjusted
means between the students taking the course to
meet a requivement and thease taking the course as

/ ,
a free elective on WGCTA and Silance * 3ts, The

elective group scored significantly nigher than

the required group. /r
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CHAPTER VI
STUDY LIMITATIONS AND RECOMMENDATIONGS

Certain limitations in tﬁe design of the study can
be identified and discussed, For example, no control
groups were used in this study A thorough investigation
of a single gronp may be a logical first step, Such in-
formation could provide a valuable foundation for future
research involving more than one group, The investigation
was further limited to undergraduates #nrolled in one
course (physical science) at one unive;sity (the University
of I1llinois). There are numerous studies in other areas
or for other levels of students,

1t is recognized that the above limitations do re-
strict the generalizability of the r9311fs. However, the
limitations themselves suggest several possibilities for
further research within the areas of student personal
characteristics, instructional procedures, and sgstudent
changes,

1t wgpld‘be of interest to apply the results derivec
from this study to a sample of studénts from other institu-
tions, 1t is reasonable to suspect that the conclusions

found here would be valid and applicable %o other courses
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with similar objectives and instructional procedures at
other colleges with student populations exhibiting similar
means on the independent variables,
It is proposed that additional student growth areas
be identified, Expanded evaluation of student growth in
the cognitive domain needs to be pursued, The investigator

suggests the need for additional instruments capable of de-

;
tecting changes in students! behaviors with little- empha-

sis on "right" or "wrong" answers., Major emphasis is
E g 7

5
needed on instruments which enable students to mak?f

choices consistent with their own views,

g,

The selected set of predictors accounted onl&%}or ?
twelve to twenty-two percent of the variancg/in stuﬁent
change. This sugges*s a direction for addiﬁienal

research involving additional and/or difquént predictors,
The significance of factors related to coﬁrse section in
the present study suggests Yyé/need for systematic stud-
ies to investigate the char;cteristics and effect o’ in-
structors on student changes,

It is suggested that additional studies be made to
investigate how and to what extent the reactions toward
instructional innovations of the open-minded individuals
differ from the reactions of closed-minded individuzls, .
Other studies might also examine whether students with
different péreonal profiles would achieve and grow more

with different instructional procedures,
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. APPENDIX B

PHILOSOPHY AND OBJECTIVES OF THE
"THOUGHT AND STRUCTURE IN PHYSICAL SCIENCE" COURSE AT THE
, :
UNIVERSITY OF ILLINOIS

This section includes the'aime, philoaophyr and ob-
Jjectives of the course called "Thought and Struéfure in -
Physical Science" (LAS 140) at the Urbana-Champaign Campus
of the University of Illinois, as described by the origin-
ators of the course, Professors Sidney Rosen and Robert
Revak (1970). This course is offered to non-science majors
in the Liberal Arts College at the University of Illinpis
as an elective to satisfy the general education require-
ments for graduation. The course is also the physical
science part of an experimental course for elementary edu-
cation majors which combines the content of physical science
with the methods of teaching science,

Rosen and Revak feel that science, even in the light
of the newer science curricula, has never been defined
adequately for educational purposes, especially with regard
to a meaningful distinction between science and technology.

Rosen and Revak define science as:

1, The making of conjectures about natural
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phenomena that may be made in any manner
whatsoever (conjectures is used here to
mean guesses, hunches, and intuitive ideas)
and attempts to refute such conjectures.
2. The emergence of conjectures which, for‘no
apparent reason, cannot be refuted.
3. The development of emergent conjectures
toward a point of crystallization beyond
wﬁich, by this definition, one is operating
witﬁin his own particular techmology. This
activity is what they call a "science way of
life" (a term used throughout this discussion).
It seems clear, then, that it is in the third stage
that thée gathering of evidence begins to*hgve meaning.
This evidence is utilized to develop a non-refutable
conjecture toward a theory that will support generaliza-
tion and prediction. Since this definition seems to be
a departure from the usual definitions of science, it
would be Treasonable to get students to verbalize their
perceptions regarding various physical phenomena. Thus
one might begin by determining the frame of reference from
which any studént might be operating. Hopefully, in this
way, students would begin to develop some criteria for the
validity of their own ideas. This method calls for a

high leve. of contribution by both teacher and students.
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To live comfortably with science, it is necessary to
live with a dynamically changing system of concepts; fhat
is, it is necessary to live with enoush conéervatism to
resist the easy abandonment c¢f concepts, but enough flexi-
bility %o be able, when necessary, to "switch rather than
fight," Ideally, then, a science course for the non-sci-
ence majors ought to demonstrate to the student what has

been called a "science way of life," This implies the

following intellectual habits; living.comfortably with

- - | change; having open-mindedness and tole ce of belief

systems other than one's own; developing ci\iteria for
the validity of ideas and applying them 40 one's own

belief systems; and, especzally for those wh. are pre-

paring to teach, possessing an awarenegs and apprecia-
tion of the many differing befgef syste;E of students,
If we accept the proposition that an individual's
perception of a particular phenomenon differs, let us
e say, from the textbook, then the first goal of the physical
¢ | science course is to get the student to examine such
differences in the light of evidence that can or cannot
v be explained, It is assumed that this skill is learned
best when the student understands his own point of view
and learns to evaluate it, The educated student is
assumed to be the one who has a tolerance for a variety of

explanationd and yet is aware of the possible criteria

for an adequate explanation, Nevertheless, the physical
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sciences have been taught, traditionally, in terms of
solving problems by substitution in appropriate formulas
and applicatiqp/of‘other mathematical techniques, For

. the pufgbse of general education, and especially for those
students destined to beéome teachers, such a practice
leaves much to be desired, Thus, the University of
Illinois course attempts to get the students to operate

in those early stages of soientific thinking fhat pre-~
cede crystallization, |

It may seem trite t% say that college education should
involve an honest exémina%ion of one's an beliefs, an .
honest examination of schd}arly opinions, a resulting shift
of one's own beliefs, and %he selection and organization of
evidence into argumeats, How often do teachers at any
level seek out the student's own belief system Lnd attempt
to engage him ;n its defenge? We have to rememper that
‘"the advancement ‘of knowiedge and scholarship pr6ceeds from
an honest comparison of conflicting views in the face of
evidehce, reason, and human judgment.

What is suggested here is that the physical science
course must be based to a great extent upon crﬂating ’
conflicting views for the student, causing what might be
called "the generation of dissonance" (Festinger, 1957).
Consequently, much of the course must be built around
frequent "brain-storming" sessions, which invo}ve the

expréssion and recognition of dissonance, and from which

l
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may spring a basis for re-thinking,

If critical thinking is emphasized in a physical sci-
ence course for non-science majors, it Beems reasonable to
hope that the simultaneous extension of suéh thinking
into the scienc; methods course would prepare the gmpound s
for a pedggogy trat promotgs critical thinking in the
classroom; 'Therefore, an important part of.the science
methodé course ought to be exploring how a stuaéht’s intuit-
ive vie%’of the yorld can change,

Thdq, if the etgdent in the course is being encouraged
to expréss his or hgr beliefs about the ghysical world and
to defend those beliefs via a reasonable argument, one
can hope that any major rigidity in this student can be
loosened, College students often forget why they have
changed; accidental fringe interactions within their own
belief systems pass almost unnoticed, An& change of
vieﬁ that is made in terms of acquiescence to authority,
but without personal conviétion, is clearly not a change
of any ed&hgtional value,

The stﬁff of the experimental course is concerned with
examining how well the student cen handle his own view-
point concerning a physical phenomenon; on this ability the
student is usually graded, The answer choires provided in

the examination would allow Phe student to defend a zhoice

! B
most consistent with his own view, Thus, instead of a

-
- .
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text-book "right" or "wrong" answer, the student has a
choice of aﬁswers, gsome of which may more easily be de-~
fended by a reasonable argument than others, The student
may find that in order to plan a defense, he will have to
add certain assumptions to the stat + . {ne problem -
which he is permitted to do. Each problem might con-
tain a part which asks the student to give the rationale
for rejecting one of the answer choices., In short, the
staff tries to move the student away from the hidebound
tradition of the single, absolute, correctfanswer to a
problem (to wﬁich he has been generally conditioned~by
previous education) and towards the more realiafic prac~
tice of decision—mak;ng by setting criteria for the vali~
dity of ideas. The questions are often designed fo allow
practi ;e in the divergent production of thought. This
practice will get the studenﬁ involved in the make~-up
of the problem by allowing him not only to set its con=-
straints, but to operate within assumptions of his own
which may lie in relationship to the setting of the problem,
Staff members are not really concerned with teaching
"their own brand of physical science" as much as they are
with examining what PS}yani calls "personal lnowledge,"
Although the staff realizes that the students will ac-
Quire some familiarity with "their prand", they are con-~
cerned with naiure of eviden;e as réléted to each student's

conceptual view, The staff membersijddge the é}bWth\oi\gn

\'\
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T~

~~——

individual in termq of that individual's ability to cope
" w.th problems, to formulate appropriate questions, and
to evaluate alternatives. Competence in the dynamics

of learniné and the use of knowledge for making rational
decisions about problems form the basis for testing.
There is less emphasis upon grades as an indicator of
one's cpmpetitive ability, and more emphasie upon

generating diversity,
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 APPENDIX D
MEAN SCORE' OF INSTRUMENTS USED IN STUDY
PALLE 55
MEAN SCORE OF INSTRUMENTS USED IN STUDY
\
T
SUB. | # #  PRE . ¥ rOsT
TEST TEST . ITEM STS, MEAN $7s, " MEAN
SCORE NSCURE

T 60 36,23 57146

1 18 11.61 12,47
T0US 2 18 471 11,91 339 11,8
— 3 23 12,12 - 12,62

T 99 71.65 67.49

1 20 11,69 10,04

2 16 12,88 11,68
WGCTA 3 25 277 19,78 219 18,52
_ 4 24 16,54 - 17.24

5 14 ﬂ 10,76 10,01

1 17 5,51 6.05
SILANCE 2 17 443 5.76 276 6.41
_— 3 17 5.78 6.12
SPOTS T 276 119,63
DS T 40 443 136,91

1 22 12,40

2 32 19,10

3 52 . 6,99 CPI was
CP1 4 32 290 9.91 administered

5 32 19,29 only at the

6 56 37.68 . beginning of the

7 38 24,93 academic year,

g 34 \2 053

39 25,62
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APPENDIX E
MEDIAN SCORE OF INSTRUMENTS USED IN STUDY
TABLE 56
MEDTAN SCORE OF INSTRUMENTS USED IN STUDY

SUB, # # PRE # POST
TEST TEST ITEM STS. MEDIAN STS, MEDIAN
SCORE SCORE
T 60 36,70 38,08
1 18 11.88 12,82
TOUS 2 18 471 12,04 339 12,11
o 3 23 12,14 12,59
T 99 71,63 68,55
1 20 11,79 10,24
2 16 13,24 12,29
WGOTA 3 25 277 20,24 219 18,72
4 24 16,39 17.72
5 14 10,90 10,18
1 17 5.64 6.35
S CE 2 17 443 6.02 276 6.97
3 17 6,04 6.80
SPQTS T 121,50
DS T 40 443 138,69
1 22 \ 12,55
2 32 19.54
3 52 37.79
- GRI 4 32 20,18 CPl was
) 5 32 290 19,61 administered
: 6 56 38,07 only at the
7 >3 25,09 beginning' of the
8 24 22,75 academic year
9 39 25,75 /
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 APPENDIX F
RELIABILITY OF INSTRUMENTS USED IN STUDY*
TABLE 57
RELIABILITY OF INSTRUMENTS USED IN STUDY*

SUB.,  # # PRE # POST

TEST TEST ITEM STS. RELIAB., STS, RELIAB.

T 60 0,692 . 707

1 18 ‘0,480 0.515
TOUS 2 18 471 0.416 339 0.415

3 23 - 0.376 0.371

T 99 0.756 0,790

1 20 0,096 0,446
WGCTA 2 16 277 0,560 219 0,622

3 25 0.649 0.519

4 24 0,546 . 0.578

5 14 0,316 ’ 0.454.

1 0.064
S CE 2 17 443 0.106 276 0.303
_— 3 17 0,110 - 0,378

¥ SPOTS T g o

s T

1 22 0.591

2 32 0.665 CPI was

3 52 0,670 administered
CPI 4 32 290 0,500 only at the

5 22 0.470 beginning of the

) 6 56 0.614 academic year

7 38 0,645

8 34 0.516

9 39 N.,614

* based on Kuder Richardson forﬁulay21
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APPENDIX G
STANDARD DEVIATION OF INSTRUMENTS USED IN STUDY
TABLE 58
STANDARD DEVIATION OF INSTRUMENTS USED IN STUDY
SUB # # PRE # POST
TEST TEST ITEM STS. STAND, STS. STAND,
DEV, DEV,
T 60 6,71 6,80
1 18 2.75 2,73
POUS, 2 18 4M 2,58 339 2,58
3 2% 2,99 2.97 _
T 99 8.86 10,04
\ 1 20 2,31 2,95
2 16 277 2,30 219 2.75
WGJTA 3 25 3,31 3,09
4 24 3,29 3.30
5 14 1,88 2,40
1 17 1.87 2.04
SIIARCE 2 17 44% 2,06 276 2,36
—— 3 17 2,06 2,46
SPOTS iy 2176 20,36 --
DS 7 40 443 25,48 )
/
1 22 3,52 .
2 32 4,65 CP1 was
3 52 5.58 administered
CPI 4 32 3.82 only at the oo
2 32, 290 3.75 beginning of the
.6 56 5.57 academic year
7 38 4,80
8 34 3.90
9 39 4,68
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APPENDIX H

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH IN TOUS SCORES

TABLE 59

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH IN TQUS SCORES

VARIABLE ) MEAN STD, DEV.
1° High School Rank 86,09 12,25
2 College Physical Sciences 0,55 - 2,46
3 High School Physical Sciences 1,26 0,72
4 College Math., 3,18 5.27
5 High School Math. 3,23 0,86
6 Science ACT 25,33 4,26
7 Math ACT 26,73 4,70
8 Classification 1.14 0.35
9 - Require-Elective 1.25 . 0,43

10 College Biology 1.87 3.39

11 High School Biology 1,28, 0.46

12 English ACT ' 23,83 3,28

13 Sex 1.63% 0.48

14 Dogmatism 1%6,08 22,71

15 Flexibility 12,32 3457

16 Tolerance 19,20 4,67

17 Achievement via Independence 20,17 3,78

18 Intellectual Efficiency 37,28 5.62

19 Achievement via Conformity 25,07 4,65

20 Responsibility ‘ 26,08 4,39

21 Self Acceptance 22,40 3,92

22 Social Presence 37,40 5451

23 Capacity for Status 19.25 3,76

24 Instructor #1 0.20 0,40

25 Instructor #2 . 0,46 0,50

26 Instructor #3 0,33 0,47
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MEANS AND STANDARD DEVIATIONS OF THE
'INDEPENDENT VARIABLES FOR GROWTH IN WGCTA SCOREb

TABLE 60

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH IN WGCTA SCORES
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VARIABLE MEAN GTL, DEV.
1 High School Rank 86,72 13,05
2 College Physical Sciences 0,58 2,84
3 High School Physical Sciences 1,33 0,69
4 College Math, 2,98 5.9%
5 High School Math, 4.19 0.93
6 Science ACT 25.75 3,67
7 Math ACT 27.46  3.88
8 Classification 1.13 0.34
9 Required-Elective 1,30 0,46

10 College Biology 1,67 2,97

11 High School Biology 1,22 0,49

12 English ACT 24,10 2.99

13 Sex 1,70 0,46

14 Dogmatism 138,31 22,92

15 Flexibility 12.65 %436

16 Tolerance 19,72 4.51

17 Achievement via Independence . 20,13 3,31

18 1Intellectual Efficiency 37.51 525

19 Achievement via Conformity 25,74 4,45

20 Responsibility 26,62 4,41

21 self Acceptance 22,33 4.43

22 Social Préesence 37.75 5.45

23 Capacity for Status Ei‘ 19,76 3.84

24 Instructor #1 ’ 0,17 0,38

25 Ingtructor #2 0.45 0,50

26 Instructor #3 0.38 0,49




APPENDIX J

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH SCORES ON SILANCE

TABLE 61

N

B

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDBNT VARIABLES FOR GROWTH SCORES ON SILANCE

195

VARIABLE MEAN STD. DEV,
1 High School Rank 85,06 13,63
2 College! Physical Sciences 0.52 2,62
3 High School Physical Sciences 1,27 0.72
4 College Math, 3,24 5.41
5 High School Math 3,27 0.82
6 Science ACT 25.43 4,17
7 Math ACT 26,92 4.,6%
8 Classification 1,14 0.35
9 Required-Elective 1,27 0.44

10 College Biology 1,88 3.36

11 High School Biology 1,23 0.43

12 English ACT 23,75 3,04

13 Sex 1.64, 0.48

14 Dogmatism 136,30 22,71

15 Flexibility 12,59 3.50

16 Tolerance \ / 19.34 4.70

17 Achievement via Independence 20,30 - 3.51

18 Intellectual Efficiency 37.33 5,41

19 Achievement via Conformity 25.25 4,52

20 Responsibility 25,98 4,54

21 self Acceptance 22,23 3,89

€2 Social Presence 37.58 5.36

23 Capacity for Status 19,43 3.67

24 Instructor /1 0,16 0.37

25 Instructor #2 0,46 0.50

26 Instructor #3 0.38 0.49
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APPENDIX K

MEANS AND STANDARD DEVIATIONS OF THE
INDEPENDENT VARIABLES FOR GROWTH SCORES ON SPOTS

TABLE 62

MEANS AND STANDARD DEV1IATIONS OF THE -
INDEPENDENT VARIABLES FOR GROWTH SCORES ON SPOTS

X LE MEAN STD, DEV.
1 High School Rank ' 84,31 14,24
2College Physical Sciences 0.59 2,63
3 High School Physical Sciences 1.29 0,74
4 College Math, . J.42 5.41
5 High School Math 5.30 0,84
6 Science ACT o 29%.49 4,16
7 Math ACT 26,91 4.8
8 Classification 1,15 0,35
9 Required-Elective 1,27 0.44
10 College Biology 1,99 3443
11 High School Biology 1,22 0,43
12 English ACT 23,67 2.95
13 Sex ° 1.61 0.49
14 Dogmatism 137,56 22,73
15 Flexibility 12,34 3,59
16 Tolerance 19.16 4,74
17 Achievement via Independence 19,98 5,61
18 Intellectual Efficiency 37.15 5636
19 Achievement via Conformity 25,15 4,56
20 Responsibility © 25,88 4,43
21 Bocial Acceptance 22,31 4,01
22 Social Presence 57.37 5¢53
23 Capacity for Status 19,27 3.76
24 Instructor #1 0.15 0.35
25 Instructor #2 0,47 0.50

26 Instructor #3 0.38 0,49,
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APPENDIX L

“S\MEANS OF INDEPENDENT VARIABLES "
FOR TOTAL SAMPLE AND FOR EACH INQTRQCTOR

TABLE 63

MEANS OF INDEPENDENT VARIABLES
FOR TOTAL SAMPLE AND FOR EACH INSTRUCTOR

<

VARIABLE . Iz?trr I;gt. Iggt. ggﬁ%ﬁE
1. ACT Science Score 25,2 25,6 25,0 ‘%5.3
2. ACT Math Score 26,8 27,2 26,0 26,7
3. ACT English Score 23,7 2%3.8 23,9 23,8
4, High school physics ie3 1,3 1,2 1.3
5. High school math 3.3 3.3 341 3.2
6. High school biology 1.3 1.3 1.3 1.3
T. Classification 1.1 1.1 1.1 1.1
8. Required-Elective 1.3 1.2 1.3 . 1.3
9. Sex 1.7 1.6 1.6 1.6
10, Flexibility 11,8 12,7 12,1 12,3
11, Dogmatism 133,5 is5.,5> 138,2 136,0
12, Responsibility 26,3 26,0 26,0 26,1
13, Ach, Via Indep. 20,5 ' 20,3 19,8 20.?
14, Self Acceptance 22,0 22,5 22,6 22,4
15. Capacity for Status 19.5 19.5 19.0 19,3
16, College Math 3.9 3.5 2,2 3ec
17, College biology 2,2 1.9 . 1.6 1.9
18, Tolerance 20,0 19,5 18.4 19,2
19, Intellectual 37.6 37.5 36.9 37,3
efficiency
20, Ach, Via Conf, 24,9 25,1 25,0 20,2
21, Social presence 38,0 37.8 /76.5 37.4
22, College Physics 44 .84 «20 54

23, High School Rank 88,5 86.3 83,7 86,1
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APPENDIX M

STUDENT PERCEPTION OF TEACHER STYLE (SEPOTS)

Direction: Each of the following 17 statements describes

a facet of physical science classroom behavior. Please
rate the intensity or frequency of gspecific teacher be- i
haviors on 9 point rating scales on the answer sheet.

1. The physical science teacher is mainly interested in

1 2 2 4 ) 6 %h 8 9

How many facts . 11 they get an idea ether you can
you know across to you "think" for your-
' self

2. The physical science teachers

1 2 3 4 5 6 - 8 9
Wake you do what Make you do what et you make your
they want you to they want you to own decisions most

most of the time sometimes of the time

3. The physical science teachers

1 2 ;L 6 Z' 8 9
Don't 1lke %o Talk about your 1Tke to talk about

talk about any course subject a lot different subjects
subject thac is but encourage the and, are interested
not a part of discussion of other in &our personal

your course matters . opinions

4, The students in our physical science classes

1 2 ] % -] 6 8 9
Unly speak wnen Feel 1ree to ask the reel Iree to speak
the teachers ask teachers questions up at almost any
them a question time
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5e ‘then the teachers or another student says something
you don't agree with

1 2 3

2 6

You txy not to
start an argu~
ment and feel
that it’s not
your job to tell
him he's wrong,

6. The physical

ou tell why you
disagree when the
teachers ask you to

science teachers

1 2 5 6
Usually base 655511& glve you a-

their opinions
or. what the book
says or what the

nother point of
viev in addition to
what the book says

8 9
%Bu Teel Iree to

discuss and ar-
gue your point
of view whether
the teachers ask
you or not )

8
$eII you that

books, teachers,
administration
and custums are

administration not always right
says
Te f you were to cail your physical science teachers

by their first names

\

122# 2 6%8 g
ey wouldn fhey wouid tell you ey wou

like it and
would tell you
not to do it

8. The physical

|

1 . 2 i )
Never ve

jokes while

they are teach-
ing and do not
like it when
students joke a~
round

that it's alright
to call ‘them by

their first name
outside of school
but would prefer
you call them by

their last name while

they are teaching

sclence teachers

6
oomevimes tTe
Joke or a humorous
story to get a
point across

mind at all

8
%Iwﬁ 8 VvCLd I'l).nny

stories and en~
courage the
studenta to tell
about funny
things that have
happened to them
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9, The physical science teachers spend a lot of time

1 2 6 z 8 9
Telling you é!vIng you an idea AskIng you To

about test about tests, grades  make your own
grates and and the course but decisions about
about how the not the detaiis, tests, grades, the
course 1is course -plan
planned .

10, When we are working on a group project or in a
committee, the physical science teachers

1 2 6 z 8 9
Tell us exactly éuggesf ways that Let the group mem-

what to do the project might * bers decide how the
v be handled project should be
handled

11, The physical. science teachers usually

1 2 2 ﬁ 2 6 ﬁ 8 %
MaKe aLi vIiie € some svuaentvs et A€ fituaents

students do the work on projects and do what they like

same thing in some students study, as long as they
class (working, depending on how far complete the number

studying) behind they are of projects or
. chapters assigned
by the end of the
week

12, When you get angry at the phyéical science teachers

i
1 2 Az -6 8
You usually ho.id ‘sv"u_!"e—.t';r’e Chat you 'YI'Su Teel that you

it in because can tell the teach- could show your
the teachers ers why you are anger without the
would punish any angry teacher becoming
show of anger angry

13, The physical science teachers

1 2 3 4 5 6 8
Xet 1ike ACT llke teacners %cf Tike iriends

teachers all the most of the time more than they act
time but sometimes seem like teachers
more like friends
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14, The first thing the physical science teachers do
when they come into the room

i 2 £ z - 8 9
Is to tell you 18 1O e attendance Is to let you

to be quiet so and ask you why somc siart your pro-

that they can gtudents are absent Jects or study-
take attendance (if they are sick, ing and then take
i etc, attendance while

you're working

15. 1In the physical science classes homework

o1 2 6 E 8 2
T8 asslgned every is Hiviaeg between sually consists

day and must be work which is due of long=-term
handed in the every day and a few projects
next day long term projects

each term

16, In our class students work together in a group or
on a committee

1 2 3 5 6 8
Never éahetimea great de

17. When there is work which has to be done with another
— student we are .

1 2 2 4 5‘5-'5 8__ 9
5 ¥ vold with Uan scmevimes choose Uan usually decide

whom to work our own work partner with whom we want
to work




APPENDIX N
CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION FOR TOUS

TABLE 64

CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION FOR TOUS

VAR, 1 2 3 4 y 3 |l ¥ 9
T 1,00 .02 .09 -.09 =,04 .,1% .30 =.2% =,
2 1,00 .25 .47 .07 =,001 =.0% %% .20
3 1.00 .41 .40 .26 .30 ,01 .2
4 1,00 .41 ,18 .24 .25 .44
5 1,00 ,20 .44 -,01 .28
6 1,00 .54 =,15 .10
U 1,00 =.20 .12
8 1,00 .07
E 1,00
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TABLE 64 (CONT'D,)

‘YAR, 10 11 12 13 14 15 16 17 18

1 -.02 .08 ,40 .31 =-.03 =.1l1 .03 .05 .06
2 22 =-,03 =-,07 -,14 ,11 -,21 =-,10 =-,11 -.08
3 -.01 .06 -,04 -,33 ,06 -,05 =-,15 =-.15 =.10
4 -,02 =,04 -,20 -,39 L11 =-,23 =,16 =,21 =.12
5 -.04 .10 -,04 -,33 ,10 =-,12 =,19 =-.27 =.25
6 -.21 =-,04 .36 -,20 ff07 .11 06 13 .14
7 -.12 .02 .39 =-,07 .01 -,02 -,03 -,08 -,02
8 .41 =-,09 -,11 =-,17 -,00 ,04 05 .04 .08
9 .03 ,04 '-,10 -,30 ,10 =-,13 =-,09 =-.14 ~.05
10 1,00 ,02 08 ,11 -,03 .02 07 .07  .0E
/ 11 1,00 -,06 ,03 -,08 =-,07 ,02.-,09 =-,04
12 1,00 .40 =,16 .22 y 13 .33 .20
13 1,00 -.,14 .13 .27 .32 .21
14 1,00 =,23 =,42 ~.,47 =.37
15 1,00 .36 .58 .40
16 1,00 .65 .69
17 1,00 .64
18 1,00
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TABLE 64 (CONT'D,)

VAR, ¢ 19 20 21 22 23 24 25 26 27
1 .19 .16 .,16 -,04 ,08 .,12 ,10 ,02 =-,10
2 -,.05 =-,1% ,1% -,03 -,02 -,03 -,02 .11 =-,10

3 -,07 -,10 ,08 -,05 -,05 =-,03 ,01 . ,05 =-,06
4 -.13 -,12 .,10 L,02 -,12 -,10 ,07 .06 -,13
5 -.21 -,22 -,05 -,02 -,17 -.13 ,06 .06 -,11
6 .02 .1 ,12 .0 ,15 ,00 -,01 .06 =-,05
7 -01 ,06 ,010 .02 ,06 -,01 ,01 .10 =,11
8 -.03 -,13 -,06 -,02 ,01 =-.,12 -,02 =-,03 ,05
9 -.12 -,02 ,12 01 -,30 -,01 ,05 =-.07 ,03

10 .05 ,02 ,03 -.03 ,01 -.01 ,04 .02 -,06

" .03 -,05 ,04 .08 ,01 .01 ,06 -.03 -,01

12 15 .,22-",04 .04 ,21 ,1 -,02 =01 ,03

13 .25 ,28 ,06 .07 ,20 .16 ,08 =-,07 ,00

14 23 =,23 -,06 =.,16 -,25 =-,03 -,06 =-.03 ,08

15 -.01 ,02 -,03 .24 ,27 ,04 -,07 .11 =-,05

16 .53 .55 .13 .37 .47 .07 ,09 .06 ~.13

1 .40 ,42 ,11 .25 ,41 .14 ,05 .03 -,07

18 .56 .49 .34 .52 ,64 ,15 .03 .04 =-,06

19 1.00 .65 .25 .23 .47 .,1% -,00 L0l =-,01

20 1,00 ,09 .05 .3 .15 .03 =-.02 -,001

21 1.00 .60 ,46 .07 =-.06 .03 ,02

22 1,00 .64 ,07 ,06 .07 =-,12

23 1,00 ,06 ,03 .05 -,08

24 1.00 -.18 =-,05 ,21

25 1,00 =,47 =,3€

26 1,00 -,66

27 1.00
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APPENDIX O

‘CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION FOR WGCTA

TABLE 65

CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE
REGRESSION FOR WGCTA

"VAR., 1 2 3 4 5 o ! i “j

1 1,00 ,11 =-,07 =-,0%3 =-,17 .16 022 =,10 -,07

- 2 1,00 .37 .64 ,12 ,01 .08 .20 .24
3 1,00 .45 ,37 ,22 .24 .06 .24
o4 1.00 .39 .22 .27 .31 .46}
> 1,00 -.0% ,27 =~,05 .275
6 1.00 .45 =.04 .09
7 1.00 =,13 07
8 1,00 ,05

1,00
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TABLE 65 (CONT'D,)

VAR, 10 11 12 13 14 15 16 1T 18

v .06 -.05 .37 .33 .03 -.14 .04 .11 .11

.01 ,04 ,08 -,13 ,15 =-,20 =-.,21 =-,12 =-,12

-.06  ,18 =,12 -,33 ,00 ,02 =,22 =.,08 =.15

.04 -,04 -,14 =28 .08 -,14 =-.16 =-.12 -.14

07" ,17 -.25 -.28 ,04 =-,02 -,14 -.23 -,22

-.0%3 ,24 -,15 -,14 ,06 =-,002 ,15 .08

.03 -,06 ,24 -,10 -,02 =-,03 -,09 =-,09 .00
.35 -,06 -,02 =-,12 ,04 ,06 ,13 .10 .13

O o N oo~ Ww N
]
[ ]
O
O

=.03 j.Ol -.07 -,3 ,08 -,05 -,13 =-,08 -.07

10 1.00 .17 .14. .14 -,04 .05 .25 .23 .24
- 1 1,00 -,06 .05 -,05 -.05 =.001 .06 .02
2 1.00 .34 -.06 .16 .08° .24 .16
13 1,00 -.04 -.06 .22 .27 {%3
14 1,00 =.30 =-.,48 =.45 =.35
15 1.00 .30 .52 .31
16 1.00 .63 .67
17 1.00 .66
18 1,00
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| TABLE 65 (CONT'D,)
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VAR, 19 20 21 22 23 24 25 26 217
1 23 .21 .23 -,04 .13 ,11 .05 ,09 '-.13
2 -0 -,10 .14 ,01 -,05 .18 =01 ,15 -.15
5 =09 -,24 ,01 -,09 -,20 .03 .06 ,10 =.15
4 -,06 -,13 ,09 ,00 -,16 ,14 .06 ,20 =~.25
5> =18 -,23 -,08 ~,00%3 -,28 =-,10 .03 ,04 =-.06
6 -0 ,03 .,15 -,05 -,01 ,02 -,01 ,10 -.l0
7 =02 ,06 ,04 ,01 =-,07 -,12 -,16 ,l& -.06
8 .08 -,13 ,03 ,05 .0% =-.01" -,18 04 .lO
9 -,10 -,04 ,17 ,07 =~,07 .07 .04 -,08 .05

10 .16 ,17 ,05 ,09 .09 ,02 .05 ,01 =-.05

11 .12 -,04 ,01 .16 .06 =.00 .08 ..0] =-.06

12 .07 .14 ,17 ,04 ,22 -,01 -,02 -,07 .08

13 .28 .32 ,12 ,07 .24 -.00 .29 .,17 =-.05

14 -,18 -,26 =-,05 =-,16 =,21 ,l4° =-,02 -,01 .02

1% -0 -,09 -,10 .13 ,15 -,09 -,13 ,13 -.03

16 .40 - .44 .16 .39 ,40 -,16 ,01 12 =.13

17 .36 .36 ,11 ,23 .33 -,11 ,07 ,10 -.16

18 .57 .38 .34 ,50 .61 ~,11 =,04 .1 =~.13

9 100 .59 .29 .31 .51 ,02--.05 ,08 -,04

20 1,00 ,01 -,04 ,19 ,07 .09 ,07 -.14

21 1,00 ,62 .48 ,00 -,09 ,30 -.04

22 1,00 .65 =-,06 -,02 ,09 =-,08

23 1,00 -,07 -.09 ,09 .00

24 1,00 ,16 ,02 =~.15

25 1,00 «,41 =-.36

26 1.00 -.7

27 1,00




APPENDIX P

CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE

REGRESSION FOR SILANCE
TABLE 66

CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISE

REGRESSION FOR SILANCE

208

VAR, 1 2 3 4 5 6 7 8 9
1 1,00 .09 .09 =~-,003 -,06 12 26 ~,1% =,05
2 1,00 ,30 .49 .11 ,0% .03 .31 .24
3 1,00 .39 .33 .28 .33 ,03 2%
4 1.00 .44 ,18 .31 .27 .48
5 1.00 .17 .44 -,05 .33
6 1,00 .55 =-.05 .14
7 1,00 -,14 ,19.
8 1,00 .02
9

1,00
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TABLE 66 (CONT'D.)

VAR, 10 11 12 13 14 15 16 17 18

1,00 .03 .27 ,3 ,07 -.13 ,04 .08 .06

.20 -,01 ,03 ~-,12 ,11 «,21 -,09 -,07 =.03
-.02 .10 -.06 -.30 ,07 -\06 -,14 =-,10 -,11
-.02  ,01 =19 =-,32 ,09 =-,%2 -,12 =-,15 =-,06
005 .13 -.16 -.33 .16 .16 -.15 =.25 =.19
-.22 -,04 ,32 -,28 -,07 ,11 .08 .14 .13
-.18 .05 ,20 =-,17 .09 -,07 -.06 =,10 =-,02

41 -.12 -,02 -,05 ,04 .07 ,13 .15 .17

O @ v n &~ W N

-003 013 -{09 '033 005 ‘016 ‘007 -015 -003
10 1,00 -,03 ,07 .18 .01 .07 .20 .18 .13

11 1,00 -,11 ,01 -,03 =-,09 -.02 -,10 -.03
BT 1.00 .37 -,10 .23 ,14 .33 .15
13 1,00 -,08 ,08 .23 ,24 .14
14 1,00 =,24 =-,43 =,45 =-,38
15 5 1,00 .37 .54 ,38
16 | | 1,00 .63 _,69
17 1.0 .66
18 | . 1,00

”

AR
Lt ]
8y A
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TABLE 66 (CONT'D,)

g

VAR. 19 \\20 21 22 23 24 25 26 . 27

24% .20 ,14 -,07 .08 =.03 ,08 .06 =-.12
-.02 -,09 .18 ,02 L0l =-,07 -,001 ,13 -.14
-.09 -05 ,08 -,04 -,05 ,08 -,05 .13 =-,09
-.08 -,06 ,11 ,02 -.11 .05 .02 .17 =-.19 .
-.14 ,01 -,04 =.17 -,02 ,07 .09 =.15 |
.00 ,08 .22 ,12 .14 .01 -.07 .09 =-.04
04 12 ',02 -,06 .0l -,01 -,04 ,17 =-.14 |
.11 -,05 ,02 ,07 .1 ,00 -,09 ,10 =-.04 |
-11 ,01 ,15 -,01 -.09 .18 ,07 ~-,07. .03

W 0 3 O & D -
L
[
—
(o)

10 ,16 ,14 ,01 ,00 .09 =-.07 ,0%3 ,05 =.07
11,02 -,04 ,06 ,05 =-.01 ,03 ,08 -,02 =-,05
12,14 ,22 ,08 ,00 .18 --,06 -,02 -,07 .08
13,22 ,26 ,02 ,01 .18 -,09 .13 -,19 .10
14 -,20 -,23 -,15 -,22 =-,27 .04 -,06 .03 ,Ol1
15 =,06 -,01 =-,03 ,23 .22 ,07 =-.11 ,08 =-.002
16 .50 .49 .13 .37 .48 -,03 .07 ,05 =-.10
17 .40 42  ,14 .25 .39 .00 .03 ,04 =-,06
18 .51 .44 ,33 ,51 .62 ,05 ,07 .05 ~-,ll
19 1,00 ,63 ,18 ,i8 .43 -,04 ,11 -,05 =-,05
20 1,00 =-,02 -.06 .25 .06 .06 ,02 =-.07
21 1,00 .56 .50 .05 =,02 ,03 =.,02
22 " 1,00 .60 ,01 ,06 ,04 =-.08 °
23 1,00 ,0% ,01 .04 =-.05
24 1,00 -,15 ,04 LO7
25 1,00 -,40 =-.34
26 1,00 =.72
27 1,00

# n
i mt Vit
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APPENDIX Q

CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISK
" REGRESSION. FOR SPOTS

TABLE 67

CORRELATION MATRIX FOR ALL VARIABLES IN STEPWISK
REGRESSION FOR SPOTS

VAR, 1 2 3 4 5 6 7 £ 9

S

—

1,00 ..,0% .07 02 -,07 .10 26 =,10 -,002

2 1,00 .30 .48 ,12 .08 ,0%3 ,29 .22

3 1,00 A1 .40 .27 '.31 .04 ol

4 1,00 .45 .18 .31 .25 A2

5 1.00 .16 .38 =-.,05 .37

6 1,00 .55 =-.06 .08

7 1.00 -.i4 16

8 1.00 .05
.9 , 1.00

o T A

T

'I,"

- N M
R




212

TABLE 67 (CONT'D,)

VAR, 10 11 12 1% 14 15 16 17 18

]
-.Ol QO§‘ 001

1 .03 ,03 .26 .28 ,06 -,11
2 .19 -,00 .,03 -,14 ,11 =-,18 -,07 -.04 =,03
'3 .00 .12 -,08 -"* ,09 -,09 -,15 -,16 =~,11
4,=.03 ,02 -,20 -,5 ° .09 -,22 -,13 =19 =7
\ 5 =02 |19 -,18 -,37 ,(12 -,12 -,i2 -.,22 -.17
6 -.18 ,04 ,%3 -,30 -,03 ,09 .08 ,10 .11
7 -.16 .01 .19 -.,16 ,10 -,09 -,04 =-,08 =-,01
8 ,43 -,10 ,00 -,04 ,02 ,i3 .12 ,16 .16
9 .1 .14 -10 -,30 ,04 -.14 -,08 =-.,15 .01
0 1,00 -.03 .13 .16 -,01 .15 ,L18 .21 .12
11 1,00 -,17 -,03 -,06 -,09 -,04 =-,11 =-,07
12 1,00 .34 -,07 .19 .12 .26 ,13
13 1,00 -,08 ,07 .2z ,23 ,12
14 1,00 =-,26 =.39 =,41 =.37
15 1,00 .37 .57 .38
16 1.00 .64 69
17 1.00 .62

PRPVY I
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TABLE 67 (CONT'D.)

VAR, 19 20 21 22 23 24 25 26 27

1 Jd2 .21 .13 -,10 ,02- -,07 .06 .12 =.16
2 -,00 -,10 .18 ,04 ,04 .09 -,004 .12 ~,12
3 -,01 -,05 ,07 =-,07 -,09 ~-.06 -,05 ,11 =-,08
4 -,09 -,07 .08 ,02 =-,21 =-,01 ,02 .15 =.17
5 «,17 =.,17 =,01 =,02 =-,15 =.035 ,05 ,13 =.16
6 -,00 ,09 ,19 ,07 .2 =.03 -,06 ,03 ,01
7 .03% ,14 ,01 -,06 ,01 =.,07 -,03 .16 =.,14
8 07 -,07 ,02 ,09 .12 .06 -,08 .11 =-,05
9 -,08 ,01 ,16 ,03 -,05 =.03. ,05 -.07 .04
10 1 ,09 ,02. ,03 ,10 .04 ,04 ,05 -.,08
11 -,00 -,08 ,05 ,07 -,02 =-.13 ,07 .01 =~.07
12,14 ,25 ,07 -,02 ,16 .05 -,03 -,06 .08
13 17 .2 .01 -,004 ,12 .11 .13 =,13 ,04
14 -,14 -,19 -,08 =-,21 =-,24 .13 -,08 ,02 ,03
1% -,08 -,04 -,03 .25 ,2%5 .08 -,08 .07 -,02
16 .45 .46 ,13 ,40 .49 =-.000 .03 ,08 =-,10
17 34,34 .08 .24 .36 .04 ,02 .04 =-,06
18 51 4% 3% .52 .62 -.03 ,05 .10 -,14
1 1,00 .61 ,19 ,19 .44 .02 ,01 -,01 .00
20 1.00 =-,02 =,05 .25 =.02 ,0%3 .03 -,05

n

—
)
L]
<
o

.59 .49 . .05 -,02 .06 =,05
1,00 .63 .02 ,02 .08 -.10
~.08 -,04 ,08 =-.06
1,00 -,23 -,13 ,30

1,00 =,39 =,33
-.74
1,00
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